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Anp EASIER, AND CHEAPER, AND... 


Higher in Performance 


NEC’s new CMOS uPD78312 real-time 
controller uses an internal 16-bit bus to give you 
a fast 32 usec multiply, D/A or A/D conversion in 
30 usec, and block transfers more than three 
times faster than the competition. 


Unique functions like multiple register banks, 
context switching, macro service (eliminating in- 
terrupt software overhead ), and an ANSI-standard 
real-time-control instruction set give you amazing 
flexibility and power to drive your system to 
higher performance. 
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More Highly Integrated 


A comprehensive selection of dedicated on- 
chip peripherals can master tough assignments, 
like controlling two independent servos and two 
highspeed stepper motors at the same time. 


Fully Supported 


To get you started, we offer full support for 
fast and easy software development with many 
options, like: a low-cost design and development 
kit (DDK-78310), state-of-the-art standalone ICE, 
third-party tools from Orion Instruments, plus relo- 
catable assemblers and C-compilers from Lattice® 
for MS-DOS™ and other operating systems. 


To meet your packaging and production ramp- 
up needs, there’s monolithic EPROM, OTP, and 
ROMless versions in your choice of PLCC, 
gull-wing flat, shrink DIP and QUIP packages. 


Highly Available 


Call your local NEC sales office to order the 
78312 Evaluation Kit, documentation, and 
MS-DOS-based software. And, for our Micro- 
processor Data Book, call 1-800-632-3531. In 
California, call 1-800-632-3532. Or write, NEC 
Electronics Inc., 401 Ellis Street, PO. Box 7241, 
Mountain View, CA 94039. 


MS-DOS is a trademark of Microsoft Corp. 


©Copynght 1987 NEC Electronics Inc. 
®Lattice is a registered trademark of Lattice, Inc. 
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Now that Wavetek has built a 
new home for test instruments, 


look who's dropping in. 


Imagine a full-size rack loaded 
with the highest performance 
instruments available. 

Now picture all that performance 
in a much smaller space—inside the 
chassis of the new Wavetek Model 
680, an open-architecture system of 
instruments on cards. Select from 
instruments made by Wavetek and 
other top manufacturers like Racal- 
Dana and Datron. 

Model 680 is just 7” high, yet 
it holds up to eight instruments. 
Think how that can save room in 
your ATE bay. And think of the 
flexibility. Buy the modules you 


Circle 25 for literature 


need today. Then, as your needs 
change, plug in more. 

Modules now available include 
a 20 MHz Arbitrary Waveform 
Generator, 100 MHz Pulse Generator, 
6 digit .002%-accuracy DVM and 
a Counter that measures intervals 
down to one nanosecond. You can 
even design your own modules. 

Besides saving space, Model 
680 can save money over stand- 
alone instruments. 

Then there are the performance 
benefits. A 32-bit high-speed VME 
bus provides timing and synchroni- 
zation signals, and an analog 
summing bus can be used to create 


Circle 64 for demonstration 


complex signals. There is also built- 
in testing, calibration and reference, 
and a powerful processor. 

How will the Wavetek Model 
680 fit into your present systems? 
Quickly and easily, because we 
have included interfaces for GPIB 
and MATE-CIL. 

Best of all, the Model 680 is 
available now. For details, call or 
write us today. Wavetek San Diego, 
Inc., 9045 Balboa Ave., San Diego, CA 
92123; Telephone 619/279-2200. 


WAVETEK 


MAY HAVE 


That’s the Pro-Log System 2 Mean 
Time Between Failures (MTBF) at 
55°C. When you need reliability, that’s 
it. An industrial computer that works 
and keeps on working for the life of 
your application. And it’s covered by a 
5-year limited warranty. 


A HUGE SOFTWARE POOL 


System 2 comes with Microsoft’s MS- 
DOS 3.2 operating system and runs 
Lotus 1-2-3 and Flight Simulator. So 
it’s PC/XT-compatible, right down to 
the chip level. Which is important for 
running industrial software, where real 
time response is needed. 


Data acquisition, process monitoring 
and control, and multitasking software, 
plus a wide selection of editors, 
debuggers, and high-level languages 
are available. Many of them from 


Pro-Log. 


HARD-WEARING HARDWARE 


System 2 is based on the industry- 
standard STD BUS. So a wealth of 
industrial quality add-on products is 
available from over 100 STD BUS 
manufacturers. 


Circle 28 for literature request only 
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THIS PC/XT-COMPATIBLE INDUSTRIAL COMPUTER 
NE FAILING. .EVERY 7 YEARS. 


PLUS ROOM TO EXPAND 


You expand System 2 by simply plug- 
ging in additional STD BUS cards. Up 
to 23 expansion slots are available and 
many options, such as 640K bytes of 
memory, EGA/Keyboard interface, 
and printer interface, can be factory 
installed. 


No fan or heat sink needed, 
could be battery powered. 
Consumes as little as 1.25 
watts 


Grew up in the school of hard 
knocks. Secured on 4 sides, 
System 2 withstands 10gs of 
shock 


If it fails, down-time is 
minimized. All boards can be 
replaced in under 5 minutes 


Works in places you wouldn't. 
0° to 65°C operating 
temperature range 


Can be isolated from dirt, 
moisture, and corrosion. Can 
be totally sealed in rack or 
NEMA Enclosures 


Circle 67 for direct factory contact 
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A DISK DRIVE FOR 
EVERY APPLICATION 


System 2 can be configured with IBM- 
compatible 34-inch or 54-inch floppy 
disk drives and a 20M-byte hard disk.* 
For minimum power, maximum relia- 
bility and temperature range, select 
semiconductor (ROM and RAM) disk 
drives. 


Take care of your next 7 years 
TODAY. Call toll-free (800) 538-9570 
or write Pro-Log Corporation 2560 
Garden Road, Monterey, CA 93940 


*Thermal and mechanical specifications are reduced by the 
use of mechanical disk drives. 

MS-DOS 3.2 and Flight Simulator are registered trademarks 
of Microsoft Corp. Lotus 1-2-3 is a registered trademark of 
Lotus Development Corp. IBM is a registered trademark of 
International Business Machines Corp. 
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USA TLX: 171879, Australia (02) 419-2088; Canada (416) 625- 
7752; England (0252) 851085; France (1) 3956-8143; Germany 
(07131) 50030; Italy (2) 498-8031; Switzerland (01) 624 444 
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DESIGN FEATURES 


Special Report: PC-based GPIB control 94 
and data-acquisition products 


With a well-planned combination of hardware and software tools 
for your personal computer, you can turn your set of IEEE-488 
(GPIB) instruments into a PC-controlled data-acquisition system. 
—] D Mosley, Regional Editor 


EDN’s DSP Project—Part 1 111 


This first in a 4-part series reviews some basics and brings you up to 
date on digital-signal-processing products.—Jim Wiegand, Assocuate Editor 


Designer’s Guide to 123 
Micropower Circuits—Part 1 


ns the eines Sapo atcaied hantwaee | Part 1 of this 2-part series focuses on micropower signal condition- 
and software tools are blurring the ing for the various sensors and transducers that have inherently low 
distinction between instrument control | impedance or output voltage—Jim Wilkiams, Linear Technology Corp 
and data acquisition. See pg 94. (Photo 


ES AGH CY Lee) Sequential-test techniques 145 
maximize throughput in tests 
By performing a sequential test, which evaluates results after each 


trial, you can determine whether a system warrants further testing. 
—R F Cobb, Harris Corp 


Simplify FIR-filter design with a 157 
CMOS filter-control chip 


You can now use three CMOS chips to construct an FIR filter that 
has fully programmable characteristics.—Jeff D Haight, Intersil Inc 


Proper design tradeoffs translate 167 
to a precise position-control system 


Microstepping technology offers a means of improving resolution 
in position-control applications. When it comes to a drive/control 
scheme, however, you must juggle a number of design tradeoffs if 
you hope to achieve an optimum design.—Yoram Hirsch, IXYS Corp 


EDN Technical-Article Database Index 177 


EDN’s semiannual database index lists articles published from 
November 1986 to April 1987 in EDN, Electronic Design, Electronics, 
Electronic Products, Computer Design, and Digital Design. 
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PC-based data <* o eas 


Just fill in the b 


Get your application up and running 
fast with Helios-I™ and Labtech Note- 
book™. 

When you're on a tight schedule and 
you wanted your data yesterday, talk to us. 
We've combined our Helios-I™ Computer 
Front End and Labtech Notebook™ 
software to give you everything you need 
between your sensors and your PC. 

Just set up your application by filling in 
the blanks. No software programming is 
necessary—you are prompted through the 
choices for each configuration. You can 
have your system up and running in a mat: 
ter of hours, not weeks. 

After set-up, Helios-| collects real world 


IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.O. Box C9090, M/S 250C, Everett, WA 98206, Sales: 
EUROPEAN HEADQUARTERS: Fluke (Holland) B.V., P.O. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 
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data you can depend on. Our I/O options 
have been proven in industrial settings 
worldwide. Helios-! converts raw data to 
engineering units, freeing your PC of this 
burden. Conditioning a wide range of 
inputs, Helios-! provides built-in transducer 
conditioning and linearization, even for 
Strain gages. 


Helios-| is a trademark of John Fluke Mfg. Co., Inc. 
Lotus 1-2-3 is a trademark of Lotus Development Corporation 


© Copyright 1986 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 4604-HELIOS 
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Tailored especially for Helios-I, Labtech 
Notebook software offers a variety of 
sophisticated capabilities, including real- 
time graphic display of data and sampling 
at flexible rates. Integration with Lotus 1-2-3™ 
helps you present a clear picture of your 
test results. 

Need more information? Let us fill in the 
blanks for you. Call 1-800-426-0361 or 
your nearest Fluke sales engineer. 


RLUKE 


® 


(206) 356-5400. Other: (206) 347-6100. 
458045, TLX: 51846. 


EDN August 6, 1987 


N 


Continued from page 5 August 6, 1987 


TECHNOLOGY UPDATE | 
Advanced — calculators — 63 


perform sophisticated operations 


Even though the market for new calculators would seem to be 
more than saturated, all the major scientific-calculator makers are 
betting that engineers will add another, top-of-the-line calculator to 
their flocks.—Charles H Small, Associate Editor 


Scientific calculators are offering a host 


of intriguing new functions, features, and PRODUCT UPD ATE 


capabilities (pg 63). 


Transputer-based PC add-in board 7a 
Trio of digitizing oscilloscopes 77 
Data-acquisition chip 82 


DESIGN IDEAS 


Add balanced signal to a variable voltage 215 
Program aids analysis of FFT algorithms 216 
Receiver guards against current-loop shorts 218 
PLD implements permutation addressing 223 
Talking meter gives dc-voltage readings 224 


Continued on page 9 
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Microprocessor 
Development Systems & 
— In-Circuit Emulators 


SA700-68000 


Dedicated in-circuit emulator for 68000 Microprocessor. 
@ Most transparent 68000 emulation. 

@ Over 1/2MByte emulation Ram. 

® Command files for software/prototype/production test. 


AAP 


SS ee 


SA7OO- | 
68000 | 


SA2000 — 
Boe 

Complete universal development system and — 
in-circuit emulator for latest micro controllers. om 


@ Cross assembler, Linker, Editor standard. 
@ Powerful software debugger plus Real-Time ICE.™ 


| Z8 (28601 /03/11 /13-12R ) o 
| SUPER | Oesorsse 
ee 


Pe Lge HD6305Z, HD63705Z FLAT80P 
Ss A7 1OM Sr | HD6309E DIP40P 
| HD61810B (HSP) DIP40P 


16-bit universal system analyzer and : 


2831 0-33) 


-In-circuit emulator. | 

-@ Symbolic features include local variables, arrays, structures. | MS0734SP SDIP64P : 
-@Start/Stop t ithout breaki MITSUBISHI | M50745 SDIP64P | » 

_ @Start/Stop trace without breaking. : hee a 7 
_@ Stand-alone or Host operation. ROCKWELL | Re502, 65002 POR 


Wh US. SA2000 & SA7I0M with Zilog chip support can be purchased through Zilog or Sophia sales channel. 
*ICE™ is a trademark of Intel Corp. 
*No.3 universal MDS manufacturer in the world. 


Call toll-free 1-800-824-9294 (outside CA.) So 
1-800-824-6706 (in CA.) 


U.S. & European Headquarters: Sophia Computer Systems, Inc., 3337 Kifer Road, Santa Clara. CA. Tel.(408)733-1571 Fax.(408)749-8172 95051. 
Corporate Headquarters: Japan, Sophia Systems Co., Ltd. NS Bldg. 2-4-1, Nishishinjuku, Shinjuku-ku, Tokyo 163. Tel.(03)348-7000. 
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Yow’ ll enjoy life more if you keep an eye open for the unexpected. 
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Only Mentor Graphics stands 


up to the pressure 


on PCB layout. 


As a PCB designer, you’re under constant 
pressure from all sides. Endless ECOs from 
engineering. Impossible schedules from 
management. Anxiety from manufacturing. 

The only way to survive and thrive is to 
be fast and accurate. 

So the flashy simplicity of some PCB lay- 
out workstations makes them very appealing at 
first glance. But all too soon, you'll find they’ve 
made you neither faster nor more accurate. 


Now there’s Board 
Station” from Mentor Graphics. 
It’s easy to learn, yet also packs 
the power you'll need to cope with even the 
most complex board designs and technologies. 

Within minutes after you sit down at Board 
Station, you'll be performing all its basic 
operations with confidence and ease. A fast, 
eraphics-oriented interface moves you 
smoothly and comfortably from one design 
function to the next. All commands are 
grouped logically, with pop-up menus and 
pull-down forms. 

And when you're ready for more sophis- 
ticated operations, Mentor Graphics stays right 
with you. Board Station's flexible and versatile 
editor lets you effectively tackle even the most 


advanced layout problems, like SMDs and 
double-sided placement. And our component 
placement tool is the best anywhere, with 
software that thinks just like a PCB designer. 

Also, you can shift effortlessly from 
interactive to automatic placement or routing, 
so your work effort is constantly optimized. 
And you have ready access to a large PCB 
geometry library, while intelligent logical-to- 
physical pin mapping streamlines your layout 
task. Board Station can even be gradually 
converted into a highly personalized tool with 
high-level macros and custom window layout. 

What’s more, you can share a database 
with the engineering department, so essential 
information is automatically forwarded to you, 
like specific component locations, critical nets 
and other design constraints. 

Board Station. It’s all part of a vision 
unique to Mentor Graphics, the leader in 


electronic design automation. Let us show you 
where this vision can take you. 
Call us toll free for an overview brochure 
and the number of your nearest sales office. 
Phone 1-800-547-7390 
(in Oregon call 284-7357). 


Sydney, Australia; Phone 02-959-5488 Mississauga, Ontario; Phone 416-279-9060 
Nepean, Ontario; Phone 613-828-7527 Paris, France; Phone 0145-60-5151 Munich, 
West Germany; Phone 089-57096-0 Wiesbaden, West Germany; Phone 
06121-371021 Hong Kong; Phone 0566-5113 Givatayim 53583, Israel; Phone 
03-777-719 Milan, Italy; Phone 02-824-4161 Asia-Pacific Headquarters, Tokyo, 
Japan; Phone 03-505-4800 Tokyo, Japan; Phone 03-589-2820 Osaka, Japan; Phone 
06-308-3731 Seoul, Korea; Phone 02-548-6333 Spanga, Sweden; Phone 
08-750-5540 Zurich, Switzerland; Phone 01-302-64-00 Taipei, Taiwan; Phone 

02-7 762032 or 02-7 762033 Halfweg, Netherlands; Phone 02907-7115 Singapore; 
Phone 0779-1111 Bracknell, England; 

Phone 0344-482828 Livingston, 

Scotland; Phone 0506-41222 

Middle East, Far East, Asia, 

South America; Phone 

503-626-7000 
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PAL devices: 
We didnt wait for the future. 


There's no doubt that were fast. But speed 
isnt all that makes us the logical choice in 
programmable logic. 

AMD PAL+* devices give you more 
because they have more functions per chip. 
With unique features like input/output logic 
macrocells, buried registers and variable 
product term distribution, you can design 
with more efficiency. And freedom. 


PAL devices you can count on. 


Speed and functionality dont mean 
much if you cant count on your PAL 
devices. We can deliver better than 987% 
programming yield. And we added extra 
circuitry for functional and AC testing. That 
means we can test parts prior to program- 
ming. Then after you've programmed all 
the parts, you'll be pleasantly surprised to 
discover our Post-Programming Functional 
8 Yield is an incredible 99.9%. 
oe Our products range from industry 

oe standard 20- and 24-pin PAL devices to the 
innovative 22V10. Weve got the kinds of 
technologies and features you need in 
packages and temperature ranges to fit your 
design. We've even got high-complexity 
E2CMOS products and ECL on the way. 

And it’s easy to use our PAL devices 
because we provide a broad selection of 
high level software that lets you get from 
system requirements to programmed pro- 
duct easily Need more information? Just 
ask and we'll send you the AMD Program- 


Performance Speed-Up mable Logic 
20-Pin PAL Devices Handbook. 
P ti 
Delay i Speed Level _—_ Date Now you 
250ns Speed 4,198] dont have to 
10.0ns D speed 03,1987 | Wait for the 
7.ons E Speed Q4, 198/ future either. 


*PAL is a registered trademark of, and is used under license from, Monolithic Memories Inc. 
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Micro Devices cl 


PO. Box 4, Westbury-on-Trym, Bristol BS9 3DS 
United Kingdom. 


Bruxelles (32-2) 771 91 42 * Hannover area (49-5143) 50 55 
Hong Kong (852-3) 695377 * London area (44-4862) 22121 
Manchester area (44-925) 828008 * Milano (39-2) 3533241 
Miinchen (49-89) 41 14-0 * Osaka (81-6) 243-3250 * Paris (33-1) 49 75 10 10 
Seoul (82-2) 784-7598 * Stockholm (46-8) 733 03 50 * Stuttgart (49-711) 62 33 77 
Taiwan (886-2) 7122066 * Tokyo (81-3) 345-8241 * Latin America, Fort Lauderdale, 
Florida! US.A. Tel: (305) 484-8600 Thx: (510) 955-4261 amd ftl 
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OPERATING LANGUAGES TOOLS 
SYST EMS" 


8051, C Assemblers 
8048 family, —_ Pascal Linkers 


8080, 8085, FORTRAN Locaters 
ke Canal 
80186 /188 a mpilers 


and 80286 Assembler 


6800/2/8, Source level 
6809/9E, debuggers 
68000/8/10 _ ‘Emulators 
and 68020 


Z80, MK3880/4 
and Z8001/2/3 


NSC-800 


A stand- alone or host-control system of fully integrated debug tools 
built on high performance emulation. 


Discover why our integrated 

development systems are the fast- 
est and easiest ways to start and 
finish a design project. For techni- 
cal and application details call 
1-800-426-3925. In Washington, 
call (206) 882-2000. Or write 
Applied BS es Corporation, 

PO. Box 97002, 

-Redmond, WA 98073-97 02. 


In Europe, contact Applied Microsystems. 
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What has 
the gate array density 
you've been waiting for- 
without the waiting? 
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Easy answer: the Logic Cell™ Array (LCA). 
A new, field-programmable CMOS gate array 
that has a flexible, wide-open architecture. Along 
with true VLSI-level density. 

LCAs are built around logic and I/O blocks 
which you define and interconnect to build larger- 
scale, multi-level logic functions. Since you 
never alter their structure, you can reprogram 
them as often as you like. And avoid any NRE. 

With LCAs, you get an honest-to-goodness 
1800 usable gates (and as many as 8000 gates 
in the near future). So just one part can replace 
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up to 50 SSI/MSI devices. Or up to 10 PLDs. 
You also get a choice of surface mount, 
pin-grid or DIP packages. In speeds up to 7OMHz. 


New developments weekly. 

With our easy-to-use XACT™ software, you 
simply draw the design and let your IBM* PC 
XT/AT computer convert it to code. You can use 
our library of over a hundred macros or define 
your own. Let the software perform the inter- 
connections automatically (unless you specify 
something unique). And generate documentation 
at the touch of a button. 

The whole process 1s so fast, you'll be test- 
ing prototypes in a matter of days. And shipping 
finished products while your competitors wait 
for their prototype chips to come in. 


Look who’s behind you. 

When it comes to field programmable 
logic, there’s no substitute for experience. 
Which is what 
you get plenty of 
when you deal 
with the company 
that invented 
the PAL’ device 
and made it the 
industry standard. 

Because 
we ve got a com- 
plete staff of systems-experienced FAEs, there’s 
no waiting to talk to an expert who knows how 
Logic Cell Arrays can work for you. And, you 
can get comprehensive assistance at MMI 
distributors worldwide. 

If you'd like to talk to one of those experts 
about your application, or for a free LCA Demo 
Disk, call our Applications Hotline at (800) 
222-9323. 

Or write to Monolithic Memories, 2175 
Mission College Blvd., Santa Clara, CA 95054. 

Because there’s nothing else like having 
the right part from the night company. 


MMI’ XACT software allows for 
simple LCA design. 


Logic Cell and XACT are trademarks of XILINX Inc. IBM is a registered trademark 

of International Business Machines Corp. PAL is a registered trademark of Monolithic 
Memories, Inc. 

© 1987, Monolithic Memones, Inc. 


Monolithic 
Memories 
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These High-Rel SRAMs offer you all these benefits: 

e 100 ns access time at 25°C 

e Low standby current: 1 mA typical 

e Full Mil temperature range 

e 32Kx8 organization 

e 28 Terminal DIL Package 

e Screened to Mil-Std-883 Class B.* So they’re 
perfect for use in a wide range of military sys- 
tems. And, as you'd expect from the leaders 
in High-Rel CMOS, we have a full line of 
SRAMs, including 64K (8Kx8) and 16K (2Kx8). 


Tops in Rad-Hard RAMs, too. 


If you need rad-hardness, remember that we offer 1K, 
4K and 16K CMOS/SOS RAMs as well. 

Our Rad Hard 16Kx1 CMOS/SOS RAM has an access 
time of 125 ns at 25°C and is available for immediate 
delivery to Class S type specifications. 

CMOS/SOS is the ideal technology for rad-hard 


rnew 256K SRAMs. ~ 


applications because: 
e |t's latch-up free under transient radiation 
e |t's highly tolerant to single-event upset 
caused by radiation (typically 2x10 ° errors/ 
bit/day) 
e |t has total dose tolerance from 100K RADs 
to “MEGARAD.” 


We know, because we invented CMOS/SOS. 


So whatever your needs in SRAMs, aim high, and 
call the Top Guns today. 

For additional information, call toll-free 
800-443-7364, extension 20. Or contact your 
local GE/RCA sales office or distributor. 


*Rev. C, Paragraph 1.2.2 


In Europe, call: Brussels, (2) 246-21-11; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (2) 82-291; Munich, (89) 63813-0. 


Enter the EDN Reader Vote Advertising Contest by following 
the three steps listed below. 


1. Select the 10 ads in the August 6 issue of EDN that you think your fellow 
readers will choose as being the most helpful, informative, and attractive. 


2. List your selections on the entry card provided. 
3. Mail by September 17, 1987 


* * 


Ee 


3 
0 


PE Sa ae Pee Mae OR 
1. List your top selections on the entry card provided. Be sure to 4. Contest void where prohibited or taxed by law. Liability for any 
indicate the name of the advertiser (company or organization) taxes on prizes is the sole responsibility of the winners. 


and the Information Retrieval Service or Reader Vote number 


for each advertisement selected. Do NOT use page number. (Ads 5. Entries that most closely match the rank will be declared 


placed by Cahners Publishing Company, EDN or other Cahners’ a 
publications cannot be considered in this contest.) 6. Entry cards must be postmarked before September 17, 1987 

2. No more than one entry may be submitted by any one 7. In case of a tie, the earlier postmark will determine the winner. 
individual. Entry blank must be filled in completely, or it will Decisions of the contest judges will be final. 


sk Pe conser. 8. In the event that a prize is not available, publisher may substi- 


3. To qualify, you must be engaged in electronic design engineer- tute an alternative prize of equal value without prior notice. 
ing, supervising or managing design engineering, or setting 
standards for design components and materials. 


Se ene Leas softwear ees tools. 


ho ee Me 


‘When choosing between the two leading srieroconisatiens don’t let 
emulator support slow you down. NWIS is the exclusive US. source of 
in-circuit emulators for both. And for all the eps 


as well, including the 32-bit ae and 804806. As well as 68010, 


68000, 80286, 80186, 8086, plus many others” 
: In fact, Microtek emulators have a long track record of being — 
first to. market with quality support for every major microprocessor. 
Which gives you shorter time-to-market and an assured expansion 
2 path for product upgrades. 
__. Every Microtek emulator can be used as a stand-alone device, or 
as part of an integrated system. All use simple command structures 


| = and include a symbolic debugger for rapid insight into your software's 
- real-time behavior And each communicates with the IBM’ 
| fy XT/AT, VAX; MicroVAX" Apollo and Sun computers. 


Microtek emulators are just one part of NWIS’s complete line of - 


_ ucts provide you with C and Pascal cross-compilers, cross- assemblers. 


Computer-Aided Software _ 
(CASE) tools. 


_ Pioneering Microprocessor CASE. 2 


Our Software Analysis Workstation (SAW) I rings you hardware-based, 
real-time software analysis in a source code environment. Including 
performance analysis, time- aligned dual processor trace, code cover- 
age analysis, and Context Trace,” which lets you trace high- level 
events and related assembly -level code at the same time. 

And for source code sepelonrnent: our Microtec” Research oid” 


and debuggers for the same ue range of popular processors. - , 
Best ay all, NWIS backs all these pou wih solid d applications 

sup rt, both at the local and factory level. 

So let us become your single ser 

emulators and other microprocessor — 


de BO 547-4445. 


NEWS BREAKS 


KEYBOARD LETS YOU CHANGE LAYOUTS AND LEGENDS ON SITE 


If you need a keypad that you can alter repeatedly, consider the reconfigurable 
keyboard from Preh Electronic Industries (Niles, IL, (18) 647-8338), which lets you 
easily change legends. According to the manufacturer, this “coffee and cola proof” 
keypad resists spills and moisture, thus making it suitable for factories and point-of- 
sale systems. But it’s the polyvalent frame that lets you perform fast layout changes on © 
site by popping off and repositioning single-, double-, triple-, and quad-size keys. You 
can even mix and interchange the various sizes on a single keypad. Changing legends 
on the keys is just as simple. OEM pricing for a typical keypad incorporating at least 
one multiposition key ranges from $20 to $100.—J D Mosley 


SOFTWARE RELEASE QUADRUPLES MAP COMMUNICATIONS THROUGHPUT 


Release 2 of the MicroMAP 2.1 software from Motorola Inc (Tempe, AZ, (800) 
521-6274), running on the company’s $2660 MVME372 MAP controller board, speeds 
task-to-task communications over the MAP network by a factor of four compared with 
the company’s previous software. This latest software release increases the effective 
data rate between Unix tasks running on different network nodes from 35,000 to 
140,000 bytes/sec. The company offers the new product for $600/copy and will sell 
source licenses to interested parties.—Steven H Leibson 


8-BIT FLASH A/D CONVERTER DIGITIZES DATA AT 125M SAMPLES/SEC 


The HADC’7200 flash A/D converter from Honeywell’s Signal Processing 
Technologies (Colorado Springs, CO, (303) 57'7-1000) features a minimum sample rate of 
125M samples/sec with a 5-nsec acquisition time. The IC includes an input 
preamplifier that minimizes the input noise often associated with flash converters. The 
converter, including the preamp, can follow signals with slew rates to 650V/ psec. 

Prices for the device are $115 (100) for a +0.75-LSB version of the converter and $150 
for a +0.5-LSB version.—Steven H Leibson 


IMAGE-PROCESSING ICs OPERATE ON VIDEO IMAGES IN REAL TIME 


A family of five devices, which will be available in the 3rd qtr from LSI Logic Corp 
(Milpitas, CA, (408) 433-8000), will allow you to build real-time image-processing 
systems. Components in the 20-MHz family obtain their speed from highly parallel in- 
ternal architectures. The $35 (500) L64210 and $60 (500) L64211 variable-length, video 
shift registers act as formatting devices for the other devices in the family by accepting 
four 1038-pixel or eight 516-pixel lines of 8-bit/pixel video data, respectively, and out- 
putting the data in a parallel, multiline format. The $395 (500) L64220 rank-value 
filter operates on 12-bit data points in 1x64-, 2x32-, 4x16-, or 8x8-pixel arrays; deter- 
mines pixel maxima or minima; finds pixels with a user-specified value; or masks pix- 
els for windowing operations. 


The $395 (500) L64230 binary filter and template matcher contains 1024 filter taps, 
each consisting of a 1-bit multiplier/comparator and associated adder, and will operate 
on 1- or 2-dimensional pixel arrays with window sizes to 32x52 pixels. Comprising the 
equivalent of 64 8x8-bit multiplier/accumulators, the $695 (500) L64240 multibit 
filter operates on 8- or 16-bit data presented in l- or 2-dimensional arrays. All of the 
components are available as building blocks for incorporation into the company’s 
ASICs.—Steven H Leibson 
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You can have the best of both 
worlds from just one source. 
Data acquisition and DSP are 
just down the hall from each 
other at TRW LSI. That’s good, 
because these functions must 
perform in close harmony in 
your system. We can relate. No 
one understands your total 
system needs better than we do. 


And, no one offers a broader 
range of cost-effective, high- 
performance analog and digital 


circuits. Converters up to 200 
MHz. DSP building blocks up 
to 20 MHz. And that’s just 


for openers. 
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Data acquisition and DSP are 
on a converging course at TRW 
LSI. Not far beyond these doors 
lies a whole new world of data 
conversion, floating point, 
image processing and graphics 
DSP chips. If that sounds 

like opportunity knocking, 
you re right. 


Our doors are always open. 
Our technical staff is waiting 
to help you. Let us help bring 
your high-performance data 
acquisition and DSP require- 
ments together. Contact us at 
619.457.1000 and ask for one of 
our applications engineers. 
We'll help make a world of 
difference in your system 
performance. 


LSI Products Division 
P.O. Box 2472, La Jolla, CA 92038 
619.457.1000 


In Europe, call or write: 

TRW LSI Products 
Konrad-Celtis-Strasse 81 

8000 Muenchen 70, W. Germany 
089.7103.115 


In the Orient, phone: 

Hong Kong, 3.856199; 

Tokyo, 03.461.5121; Taipei, 751.2062; 
Seoul 2.553.0901 


© TRW Inc. 1987 — 712A01087 


LSI Products Division 
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NEWS BREAKS: INTERNATIONAL 


OPTICAL TIME-DOMAIN REFLECTOMETER SIMPLIFIES FIBER TESTING 


Simple menu-selected test setups allow unskilled personnel to use the 7720 Series 
optical time-domain reflectometer (OTDR) to make bandwidth or fiber and splice at- 
tenuation measurements on optical fiber links. More experienced personnel can obtain 
additional measurement data and zoom in on areas of special interest. From Solartron 
Instruments (Farnborough, UK, TLX 858245, or Elmsford, NY, (914) 592-9168), the 
instrument has a CRT display that is fully annotated with the fiber’s losses, and it has 
a built-in printer and cassette tape drive that provide hard copy and storage/recall of 
link characteristics. Models are available for 0.85- and 1.3-4m multimode fibers and 
for 1.50-um single-mode fibers. A special optocoupling device for the 0.85-ym fiber 
accepts all cable sizes and reduces the fiber’s dead zone to zero. The OTDRs range in 
price from £12,000 to £16,500.—Peter Harold 


RESISTIVE COATING ELIMINATES ESD IN ATE FIXTURES 


Diss-Stat vacuum test fixtures from Factron Schlumberger (Ferndown, UK, TLX 
414356) eliminate electrostatic-discharge problems in board-test ATE, which can cause 
premature failure of sensitive semiconductor devices on the pc boards under test—for 
example, submicron VLSI chips. All relevant parts of the test fixture, including any in- 
ternal and external surfaces that may accumulate an airflow-induced electrostatic 
charge, are coated with a resistive coating. This coating provides a discharge path for 
the electrostatic charge of between 10° and 10*° 0/square.—Peter Harold 


MITI GIVES APPROVAL TO US LAB FOR INSPECTION OF EXPORTS TO JAPAN 


The Japanese Ministry of International Trade and Industry (MITI) has designated 
the United States Testing Co Inc (Hoboken Nd) as a Specific Foreign Inspection 
Organization in the ‘JIS’ Mark program. This authorization by the MITI allows US 
Testing to perform inspection for export to Japan on a wide variety of industrial and 
consumer goods, including electronic equipment and electrical machinery. For more 
information, you can call the company at (201) 792-2400.—Joan Morrow 


US CONCEPT, JAPANESE ENGINEERING LEAD TO NEW OFFICE PRODUCT 


From a concept oy Jef Raskin, originator of the Macintosh computer, Canon Inc 
(Tokyo) and Canon USA (Lake Success, NY, (516) 488-6700) have engineered and pro- 
duced the Canon Cat, a ‘“‘work processor” that includes a keyboard, 9-in. black-and- 
white display, software with spelling checker, a 35'¥%-in. floppy-disk drive, a modem, 
and serial and parallel interfaces. An improvement in cursor control, called Leap keys, 
allows you to quickly locate and edit, move, or restyle information in 180k bytes of 
stored text in just a few keystrokes. The systems sells for $1495.—_Joan Morrow 
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High resolution 12-bit Nicolet Digital Oscilloscopes 


digitizers vs. “typical” 


ae i Bring the true power of digital oscilloscopes to bear on your problem. High 
8-bit digitizers. SS aicaie — 
: accuracy, high resolution 12-bit digitizers let you zoom in on the small variations 
Do you want to see in your waveform. Variations you’ve been trying to find, but can’t. That’s why Nicolet 
the details in your signal digital scopes offer waveform expansion on the time and voltage axes up to X256. 
or not? That’s why Nicolet scopes have precise cursor readout of each measured data value. 


_ Make sure your digital storage oscilloscope is part of the answer, not part of 
800/356-3090 the problem. 


or 608/273-5008 


Nicolet Test Instruments Division ° 

PO ios tobe [= INICO eT 
5225-2 Verona Road 

Madison, WI 53711-0288 “Instruments of Discovery” 
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dc to 3GHZz 


¢ less than 1dB insertion loss over entire passband 
¢ greater than 40dB stopband rejection 

¢ 5 section, 30dB per octave roll-off 

¢ VSWR less than 1.7 (typ 


* over 100 models, immediate delivery POBox 350166, ook, New Ser SSB DSUUTTI8) 954800 
e meets NV | ES D=7)7 Domestic and International Telexes: 6852844 or 620156 


e rugged hermetically sealed package (0.4.x 0.8x 0.4 in. 
¢ BNC, Type N, SMA available 


LOW PASS Model 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000 


Min. Pass Band (MHz) DC to 48 900 
Max. 20dB Stop Frequency (MHz) | 19 47 | 70 | 90 290 1340 
Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49) 
HIGH PASS _ Model 150 
start, max. 133 1000 

eae SanCNNAe) end, min. 600 2200 
Min. 20dB Stop Frequency (MHz) 26 590 95 720 
Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49) 

Prefix for pins, 5 for BNC, IN for Type N, © for SMA saenere 
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3 KHz-800 MHz 
over 50 off-the-shelf models 


from °29° 


Choose impedance ratios from 1:1 up to 36:1, 
connector or pin versions (plastic or metal case built 
to meet MIL-T-21038 and MIL-T-55631 requirements*). 
Fast risetime and low droop for pulse applications; 

up to 1000M ohms (insulation resistance) and up to 1000V 
(dielectric withstanding voltage). Available for 

immediate delivery with one-year guarantee. 


Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 


units are not QPL listed 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 


C71 Rev. A 
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UNIX: REALTIME: 


FOCUS 32 UNIX System 25 FOCUS 32 PDOS System 21 
t : t th CPU CPU-25 CPU-21 
O jus anO CY 68020 (16.7/20 MHz) 68020 (20/25 MHz) 
Paged MMU Zero wait state operation 
syst e m Floating Point Coprocessor LF loating Point Coprocessor 
4 SYSTEM SRAM-22 SRAM-22 
O U d on t Nn e e d MEMORY 1 Mbyte SRAM 1 Mbyte of SRAM, zero wait state access 
DRAM-E4M4 
4 Mbyte of highspeed VMEbus DRAM 
DISKI/O ISCSI-1 ISCSI-1 
68010 (10 MHz) 128 Kbyte SRAM 68010 (10 MHz) 128 Kbyte SRAM 
dual ported, zero wait state access dual ported, zero wait state access 
SCSl interface, SA460 floppy interface | SCSI interface, SA460 floppy interface 
SERIAL I/O ISIO-1 ISIO-1 
68010 (10 MHz) 128 Kbyte SRAM 68010 (10 MHz) 128 Kbyte SRAM 
dual ported, zero wait state access dual ported, zero wait state access 
8 serial I/O channels (RS232) 8 serial I/O channels (RS232) 
ADD. 1/O ASCU-2 ASCU-2 
CHANNELS System controller, IEEE 488 interface, | System controller, IEEE 488 interface, 
Centronics parallel printer port Centronics parallel printer port 
DISK 170 Mbyte winchester, 1 Mbyte floppy 1 170 Mbyte winchester, 1 Mbyte floppy 
DRIVES 120 Mbyte streamer tape 120 Mbyte streamer tape (optional) 
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For the last five years our sole business has been to provide customers with high 
performance VMEbus solutions. The FOCUS 32 series is an extension of our 
ongoing commitment to the VMEbus product spectrum, software and support. 
FOCUS 32 reflects inputs from many customers to take full advantage of the open 
VMEbus architecture in the smallest possible space (6.7 x 21.3 x 23.7 inches) 
without sacrificing reliability, ruggedness, exparsion capabilities and user friend- 
liness. 


The powerful FOCUS 32 supports both UNIX* System V and real time PDOS* 
including a wide range of compilers. 


Intelligent serial and SCSI controllers reduce bus traffic and CPU overhead to 
maximize system throughput. 


You also have a choice to upgrade the FOCUS 32 development/target system by 
adding any of our more than 50 boards. 


We don’t want you in the dark with just another black box. That’s why we provide 


you with an open system architecture right down to the component level of our 
VMEbus boards. 


Free! Call 1-800-Best VME 


(or 1-800-237-8862 in California) for our 
380 page VME data book and for rapid 
applications support. 


*UNIX is a registered trademark of AT&T Bell Laboratories. 
PDOS is a registered trademark of Eyring Research Institute. 
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Processor Boards 


Controller Boards 


PUTERS 
@ 


K XELL 


FORCE COMPUTERS, INC, Los Gatos, CA 95030, Phone (408) 354-3410 
Midwest: Ann Arbor, MI 48108, Phone (313) 769-08 40 
Southeast: Roswell, GA 30076, Phone (404) 642-9647 


FORCE COMPUTERS GMBH, 8012 Ottobrunn, Phone (089) 600910 
FORCE COMPUTERS FRANCE, 92100 Boulogne, Phone (1) 4620 3737 
FORCE COMPUTERS (UK) LTD, Wendover, Phone (0296) 625456 


You do. 

We do. 

On one hand, there’s your 
drive to find new applications 
and new markets. On the other, 
there’s our drive to meet your 
needs. 

And as partners, we both end 
up in the lead. 

You give us the impetus to 
stay a generation or more ahead 
of the competition. And we give 
you the products to do the same. 

Like our high-performance, 
high-capacity Winchester drive 
families, from 85MB to 760MB. 
And our first high-capacity opti- 
cal product, a5%-inch , 800OMB 
WORM drive. 

So keep pushing us. 

Because the further you drive 
Maxtor, the further we'll drive 
you. 

Maxtor Corporation, 211 
River Oaks Parkway, San Jose, 
CA 95134, (408) 432-1700, 
TELEX 171074. 

Sales offices: Austin (512) 
345-2742, Boston (617) 872-8556, 
Orange County (714) 472-2344. 
New Jersey (201) 747-7337, 

San Jose (408) 435-7884, Woking, 
England (44)/4862-29814. 


Mayitor 


Distributed by: Anthem Electronics, Inc., Lionex Corporation, Pioneer-Standard Electronics, Inc., Quality Components, Inc., Storex Corporation. 
© 1987, Maxtor Corporation. 
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SIGNALS & NOISE 


A clarification of 
telephone-noise specs 


The excellent article by Brady 
Barnes in EDN’s May 14 issue 
(“Check advanced features and 
noise specs when selecting codecs,” 
pg 227) was interesting and inform- 
ative in most respects, but Mr 
Barnes’s attempts to clarify noise 
specifications (on pgs 229 to 234 of 
the article) may have added to any 
existing confusion about them. As 
an engineer with over 20 years’ ex- 
perience in testing international tel- 
ephone circuits, perhaps I can offer 
some clarification. 

Telephone-circuit weighing filters 
are based on the performance of 
telephone handsets, not on that of 
the human ear. While the Bell Tele- 
phone system held a monopoly posi- 
tion in the US, weighing filters were 
based on the telephone set current- 
ly in use. Bell system engineers 
thought that noise should be mea- 
sured as a positive quantity; they 
introduced the concept of “reference 
noise.” When the Western Electric 
Co (WECO) Model 144 handset was 
in use, the noise-measuring term 
was “dBRN” (144 line). The WECO 
Model F1A handset resulted in F1A 
weighing. C-Message-weighing fil- 
ters are based on the WECO Model 
500 handset, and the current US 
telephone noise-measuring term is 
dBrnC; —90 dBm is the current 
reference-noise level. 

The CCITT, as an international 
standards group, produced a weigh- 
ing filter based on the characteris- 
tics of most of the world’s telephone 
handsets, and ealled it a 
“psophometric” filter after the 
Greek word “psophos,” which 
means “noise.” The CCITT’s term 
for telephone-noise measurement is 
dBmp. 

The CCITT did not adopt the Bell 
system’s concept of reference noise, 
and no CCITT noise measurement 
implies reference noise. Unweighed 
noise is measured in dBm. Conver- 
sion to dBrn is simply a matter of 
adding 90. For example, a CCITT 
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‘A TALL GUY WITH GLASSES AND A 
MEDIUM HEIGHT FELLOW WEARING A 
SMOCK—THEY WORK HERE...WERE 
DEVELOPING A HUMAN-LIKE ROBOT.” 


measurement of —70 dBm is equal 
to 20 dBrn (that is, —70 dBm is 20 
dB greater than the —90-dBm refer- 
ence level). Similarly, you can easily 
convert 30 dBrn to a CCITT level of 
—60 dBm by subtracting 90. This 
conversion is exact for an unweighed 
measurement such as 3-kHz flat. 

The psophometric and C-message 
filters are so nearly equivalent in 
terms of noise-power measurements 
that, even though the C-message 
filter is based on a reference tone of 
1000 Hz and the psophometric filter 
is based on an 800-Hz tone, in a 
practical sense they are used inter- 
changeably. In a telephone channel 
that has only white noise, both fil- 
ters improve the noise reading by 
approximately 2 dB as compared 
with a 3-kHz flat measurement. 

Consequently, you can convert 
dBmp to dBrnC simply by adding 
90, and you can convert dBrnC to 
dBmp by subtracting 90. In other 
words, —65 dBmp is equal to 25 
dBrnC. The conversion is accurate 
to within +0.5 dB, which is better 
than the accuracy of most noise me- 
ters. 

The term “dBp” means “dB re- 
ferred to 1 pW,” just as “dBm” 
means “dB referred to 1 mW.” Since 
the Bell system has established 1 
pW (—90 dBm) as reference noise, 


the terms dBrn and dBp are equiva- 
Text continued on pg 34 


WHERE TO FIND 
A LEADER. 


For more information on high- 
capacity Maxtor disk drives, contact 
our distributor in your area. 


CALIFORNIA 
Anthem Electronics, Inc. 
(714) 768-4444 
(408) 295-42.00 


FLORIDA 
Pioneer Standard Electronics, Inc. 
(305) 934-9090 


GEORGIA 
Pioneer Standard Electronics, Inc. 
(404) 448-1711 
Quality Components 
(404) 449-9508 


ILLINOIS 


Pioneer Standard Electronics, Inc. 
(312) 437-9680 


KANSAS 
Pioneer Standard Electronics, Inc. 
(913) 492-0500 


MARYLAND 
Pioneer Standard Electronics, Inc. 
(301) 921-0660 


MASSACHUSETTS 
Pioneer Standard Electronics, Inc. 
(617) 861-9200 
Lionex Corporation 
(617) 657-5170 


MINNESOTA 
Pioneer Standard Electronics, Inc. 
(612) 935-5444 
NEW YORK 
Pioneer Standard Electronics, Inc. 
(516) 921-8700 
OHIO 
Pioneer Standard Electronics, Inc. 
(216) 587-3600 
(513) 236-9900 
PENNSYLVANIA 


Lionex Corporation 
(215) 443-5150 


TEXAS 
Quality Components, Inc. 
(214) 733-4300 
Pioneer Standard Electronics, Inc. 
(214) 386-7300 


CANADA 
Future Electronics 
(514) 694-7710 


Miaycior 
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data from as many as three 
Circuit sections at once. 


Tek currently provides 
support for the most popular 
microprocessors, with 
adaitional 8- and 16-bit 
personality modules to be 


*U.S. domestic price only. Copyright ©1987, Tektronix, Inc. All rights reserved. 


introduced continually 
_ A total of four 2K 

_ &» nonvolatile memories 

- Support each channel. 

Acquire data in one memory 

and compare it to data in any 

of the three other memories. 


LAA-386. 


Clock/calendar plus 
storage for up to eight test set- 
ups are also in battery-backed 
memory. Date and time of 
storage are included with each 
data memory, so it's easy to 
find and interpret results. 
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~ cost logic analyzers that 
— dont act like it 


Tektronix 
COMMITTED TO EXCELLENCE 


Circle 115 for literature 
Circle 154 for sales contact 


SI 


lent, and no weighing is implied. 
Thus, —65 dBm0p (the level that 

CCITT recommends idle-channel 

noise not exceed) is equal to 25 


dBrnCo (—65+90) for telephone 


weighing. The equivalent 3-kHz flat 
values are —63 dBm0 and 27 dBrnO 
(you add 2 to remove the weighing 
effect). 

Most telecommunications hand- 
books have these conversion factors 
in chart form for easy use. One such 
handbook is Roger L Freeman’s Te/- 
ecommunication Transmission 
Handbook, 2nd ed, which is pub- 
lished by John Wiley & Sons. 

G W Foreman 

Contel Federal Systems 
Applied Systems Div 
Fairfax, VA 


Transistor should be 
diode-connected 

In my article “J FET-input amps are 
unrivaled for speed and accuracy” 


GNALS & NOISE 
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(EDN, May 14, pg 161), Fig 4 (on pg 
165) contains an error. The temper- 
ature-sensing transistor, Q>, should 
be diode-connected; that is, its base 
and collector should be shorted to- 
gether. Without this short, the cir- 
cuit will have extreme difficulty 
working. I hope the error did not 
cause too many difficulties for those 
building the circuit. 

Peter S Henry 

Precision Monolithics Inc 

Santa Clara, CA 
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What’s in a name 


“The promise of surface-mount tech- 
nology,” part 1 of EDN’s Hands-On 
SMT Project (EDN, May 28, pg 
164), used the word “onserter” in 
the photo caption on pg 172 asa 
generic name for automatic-inser- 
tion equipment for surface-mount 
devices (SMDs). Instead, we should 
have used the term “onsertion 
equipment,” as we did elsewhere in 


the article. “Onserter” is a trade- 
mark of Universal Instruments 
Corp (Binghamton, NY) for its pick- 
and-place machine for SMDs. We 
apologize for inadvertently taking 
the name in vain. 


es 
Sorry, wrong number 


"The manufacturers’ box accompany- 


ing EDN’s pC Support-Chip Direc- 
tory (EDN, June 11, pg 131) con- 
tained an incorrect phone number 
for AT&T Technologies Inc. The 
correct number is (800) 372-2447. 


WRITE IN 


Send your letters to the Signals and 
Noise Editor, 275 Washington St, 
Newton MA 02158. We welcome all 


comments, pro or con. All letters must 
be signed, but we will withhold your 
name upon request. We reserve the 
right to edit letters for space and 
Clarity. 


How to clear up the uncertainty in 
your test measurements. 


The Fluke 25, 27 and 37 DMMs. 
When you need performance that leaves no room for doubt, 
focus on the Fluke 25, 27 and 37 Analog/Digital Multimeters. 


With their patented A/D converters, they deliver DC volts accu- 
racy within 1%. An easy-to-view display also provides a full 
4 digits of resolution for readings up to 3200 counts. 

Fully sealed, drop proof cases protect the handheld 
Fluke 25 and 27 from abuse on the job site. The unique design 
of the Fluke 37 is well suited for benchtop and portable use, 
and includes a convenient Storage compartment for test leads 
and small accessories. 

The circuitry in each model is shielded to eliminate 
interference — even near motors, radar, and other transmitters. 

And thirty-six components are dedicated to high-energy 
overload protection, for you and the meter. 

Call 1-800-227-3800, Ext. 229 today and ask about the 
Fluke 25, 27 and 37 meters. You'll get the picture. 


Fluke 25, 27, & 37 


0.1% basic dc accurac 
Analog/Digital Displa 


Volts, ohms, amps, diode test recording mode (27 

pictiictisid Dec acca t Soe 
0.1 A to 10A, all fused Integral handle, Storage compartment (37) 
30 kHz ac bandwidth Two-year warran 
a A AA LL, Wwo-yeatwarranty 


100 V to 1000V ac and de 
PLUKE 


Touch Hold™ function 
Relative (difference) mode and MIN/MAX 
& 37) 


® 
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You told us what 
you wanted in 


digitizing oscilloscopes 


fi 
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Introducing HP’s new high-perfo 


You told us what would best 
meet your measurement needs. 

So in '84 and ’85 we 
brought you digitizing oscillo- 
scopes with pioneering features 
like full programmability, 1 GHz 
repetitive bandwidth, color 
displays, automatic answers, 
single-shot pulse reconstruc- 
tion, infinite persistence, and 
instant hardcopy output. 

And now, we bring you 
the new HP 54111D/54112D/ 
54120T series. 

These high-performance 
digitizing oscilloscopes let you 
measure what you've never 
measured before, with superb 
accuracy and ease of use. 

You'll find innovations 


HP 54111D 
L] 1 Gigasample/sec digitizing rate 
L_] 500 MHz repetitive bandwidth 
[ ] 250 MHz single-shot bandwidth 
L_} 8k memory per channel 

LJ 1 mV/div sensitivity 


such as'20 GHz bandwidth, 
4-channel simultaneous 400 
Msa/sec with 64k memory per 
channel, time domain reflec- 
tometry (I’DR) with normali- 
zation, 10 psec time interval 
accuracy, and more. 


HP 54111D: 
the hot single shot. 
The HP 54111D offers 
two simultaneous channels 
operating at up to 1 Giga- 
sample per second...allowing 
you to capture high-speed 
single-shot phenomena such 
as high-speed pulses, plasma 
discharge, high voltage arcing, 
high frequency bursts, laser 


pulses and high energy events. 


You get the single-shot 
performance of analog storage 
oscilloscopes with all of the 
performance advantages of 
digitizing oscilloscopes. 

The HP 54111D also offers 
a 500 MHz bandwidth, so it will 
perform admirably in a wide 
variety of repetitive as well as 
non-repetitive applications. 


HP 54112D: 
64,000 bytes times 4. 
The HP 54112D offers you 
simultaneous 4-channel capture 
at 400 Megasamples per second 
with 64k of memory per chan- 
nel. Just right for the long data 
streams found in serial data 
communication applications. 


HP 54112D 

L] 400 Megasamples/sec digitizing rate 
L] 100 MHz repetitive or single-shot 

L] 4 simultaneous channels 

L] 64k memory per channel 


Four simultaneous chan- 
nels enhance critical timing 
measurements on multiple test 
points...single-shot. And the 
HP 54112D's four channels are 
always real-time correlated for 
every trigger occurrence. 

In automated test, four 
channels with 64k memory per 
channel boost your throughput 
by capturing 256k of data 
simultaneously. 


HP 54120T: excels in 
high-speed applications. 
With its 20 GHz band- 
width and 10 psec accuracy, the 

HP 54120T lets you measure 
propagation delays of ICs or 
switching times of high-speed 


L] 0.25 psec time interval resolution 

L] Time and voltage histograms 

[_] Stable TDR with normalization ‘ 

LJ 0.4% voltage accuracy \ 
_ \ L] 4 channels 


diodes. Characterize microwave 
switches. Verify signal path 
impedances in computer back- 
planes and test fixtures. And 
more. 

You get high sensitivity, 
resolution, and accuracy for 
repeatable time-interval and 
voltage measurements, with 
stability and ease-of-use com- 
parable to lower-performance 
oscilloscopes. 

The HP 54120T offers four 
channels for logic gate charac- 
terization. Time and voltage 
histograms to help you quantify 
noise and jitter. Normalization 
to correct for imperfect connec- 
tors in reflection (TDR) and 
transmission measurements. 


HP 54120T 
L} dc-20 GHz bandwidth with averaging 
L_] 10 psec time interval accuracy 


rmance digitizing oscilloscopes. 


Probing to 6 GHz. And the list 
goes on. 


Contact HP today! 

For more information on 
our new high-performance 
digitizing oscilloscopes, fill out 
and mail the postage-paid reply 
card today. Call us direct at 
1-800-752-0900. Or contact 
your local HP sales office listed 
in the telephone directory white 
pages. Ask for the electronic 
instruments department. 


JP) packarD 


The specs you need, and the features you want. 


In addition to their outstanding individual contributions, the new HP 
54111D/54112D/54120T digitizing scopes offer you full programmability, 
automatic measurements, instant hardcopy output to printers and plotters, 
waveform storage, and multiple-color displays. 

You also have HP’s excellent reliability, documentation, and support 
to make you productive with your HP instrument quickly and ensure your 
satisfaction for years to come. 
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HP54111D $23,900.00* 


VERTICAL 
Rep. bandwidth 
8.5. bandwidth 
Inputs 
Resolution 


Sensitivity 
Coupling 


HORIZONTAL: 


| 
ins i 
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OO0HG: 


500 MHz 

250 MHz 

2 chan & 2 trig 

8 bit to 25 MHz, 
7 bit to 100 MHz, 
6 bit to 250 MHz 
1 mV/div 

to 5 Vidiv 

ac, dc; 50 Ohm & 
1 MOhm 


Digitizing rate (max) 1 GSa/sec 


Resolution 
Pre-trigger viewing 


MEMORY: 
Acquisition/chan 
Waveform storage 


Nonvolatile 
instrument setups 


HP 54112D 


VERTICAL: 
Rep. bandwidth 
9.9. bandwidth 
Inputs 
Resolution 
sensitivity 


Coupling 


HORIZONTAL: 


i 42 fC WS ST Pael AT Veigger |Duwtey ! sare 
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10 psec 
YES 


8k 
2 pixel, 


4 rep wfm, 4 ss wfm 


10 


$22 ,900.00* 
100 MHz 
100 MHz 


4 chan & 1 trig 

6 bit to 100 MHz 
5 mV/div 

to b Vidiv 

ac, dc; 50 Ohm & 
1 MOhm 


Digitizing rate (max) 400 MSa/sec 


Resolution 
Pre-trigger viewing 
MEMORY: 
Acquisition/chan 
Waveform storage 


Nonvolatile 
instrument setups: 


40 psec 
YES 


64k 
2 pixel, 
4 rep wim, 4 ss wim 


10 


HP 54120T 


VERTICAL: 
Rep. bandwidth 
5.5. bandwidth 
Risetime 
Accuracy 
Inputs 
Resolution 
Sensitivity 
Coupling 


HORIZONTAL: 
Accuracy 
Resolution 
Pre-trigger viewing 
Range 


MEMORY: 
Acquisition/chan 
Waveform storage 


Nonvolatile 
instrument setups: 


TDR 

Pulse source 
Amplitude 
Risetime 
Flatness 

Normalization 


$27,850.00** 


20 GHz 

NO 

17.5 psec 

0.4% 

4 chan & 1 trig 

12 bits 

1 mV/div to 80 mV/div 
50 Ohm 


10 psec 

0.25 psec 

NO 

10 psec/div-1 s/div 


0.5k 
2 pixel (volatile), 
4 rep wfm (nonvolatile) 


10 


0-200 mV 
35 psec 
1% 

YES 


Waveform histograms YES 


*U.S. list price only. 


Varies according to options selected. 


**U.S. list price only. 


Includes both the HP 54120A and HP 54121A. 
Specifications subject to change without notice. 


DESIGNED FOR HP-IB: Not just IEEE-488, but the 
hardware, documentation and 


support that delivers the shortest 
SYSTEMS path to a measurement system. 
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E115701 
5954-2661 


If you do business in the complex 
world of electronics manufacturing, 
NEPCON means business for you! 


Teradynes new CAE tools help you get to market faster b 


Designing VLSI circuit boards that work the first Incremental compiling lets you revise a design and resimu- 
time isn’t child’s play. You can’t do it without fast, accurate late in minutes. 
feedback on design and test quality. Make your design work together before 

Now count on Teradyne to help. With our new family it comes together. 
of CAE products, you'll uncover flaws before they're cast LASAR Version 6 is the only sure way to avoid multi- 
in hardware. So you'll be able to jump from initial design ple trips to artwork as well as costly rework steps in manu- 
directly to final prototype. And from design to manufac- facturing. Because its simulation accuracy 1s unmatched 
turing test. | 


Start with a firm design foundation. 

The process starts with DATAView our new design 
entry system. Running it ona standard AT-class PC, you 
can control the whole design process right at your desk. 
From schematic entry and waveform analysis on the PC 
to simulation and fault simulation on more powerful net- 
worked computers. All with the same mouse-and-menus, 
multiple-window interface. 

You move from schematic capture to simulation 
effortlessly. DATAView’s links with our LASAR Version 


6 simulation system save hours of model compilation time. Teradyne networks advanced CAE tools for convenience and performance. 
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giving you a working prototype the first time. 


for analyzing PC board designs prior to prototyping. For 
instance, LASAR takes full device timing specifications 
into account for true worst-case timing analysis. And it 
eliminates shared timing ambiguity in reconverging sig- 
nals. Both of which mean LASAR finds real design errors 
reliably. 

Finally, youcan use LASAR fault simulation. It will 
uncover testability problems and untested circuit functions 
before it’s too late. 

Simulation without trial and tribulation. 

LASAR also takes care of the board modeling prob- 
lem. It includes models of over 4000 devices. And the most 
popular gate array libraries. 

For new VLSI parts, our DATASource hardware 
modeling system uses actual devices instead of software 
models. A single system supports multiple users and 
concurrent fault simulation. With extraordinarily fast 
response. 

LASAR and DATASource work with any VAX. For 
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simulations up to 25 times faster, you can use our new 
parallel/multiprocessing host, DATAServer. It will give 
you quick results, with full LASAR precision. 
Teradyne makes it easy. 

If you want to avoid multiple prototypes and get 
to market faster with better products, Teradyne’s new 
CAE system is the way. Why not call Daryl Layzer at 
(617) 482-2700, ext. 2808 for more information. Or write 
Teradyne, 321 Harrison Avenue, Boston, MA 02118. 


VAX is a trademark of Digital Equipment Corp. 
AT is a trademark of International Business Machines Corp. 


We measure quality. 
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Argentina: Buenos Aires, Tel. (01) 541-7141 to 7747. Australia: Artarmon, Tel. (02) 4393322. Austria: Wien, Tel. (0222) 629111-0. Belgium: Bruxelles, Tel. (02) 242 7400. 
Brazil: Sao Paulo, Tel. (011) 211-2600. Canada: Philips Scarborough, Tel. (416) 292-5161/Signetics Etobicoke, Tel. (416) 626-6676. Chile: Santiago, Tel. (02) 773816. Colombia: 
Bogota, Tel. (01) 2497624. Denmark: Copenhagen, Tel. (01) 541133. Finland: Helsinki, Tel. (90)17271. France: Paris, Tel. (01)43388000. Germany: (Fed. Republic): 
Hamburg, Tel. (040) 3296-0. Greece: Tavros, Tel. (01) 4894339. Hong Kong: Kwai Chung, Tel. (0) 24 51 21. India: Bombay, Tel. (022) 4930311/4930590. Indonesia: Jakarta, Tel. 
(021) 51 7995. Ireland: Dublin, Tel. (01) 69 3355. Italy: Milano, Tel. (02) 67521. Japan: Nihon Philips Tokyo, Tel. (03) 448-5611/Signetics Tokyo, Tel. (03) 230-1521. Korea 
(Republic of): Seoul, Tel. (02) 794-5011. Malaysia: 11700 Pulau Pinang, Tel. (04) 870044. Mexico: Toluca, Tel. 91 (721) 613-00. Netherlands: Eindhoven, Tel. (040) 78 37 49. 
New Zealand: Auckland, Tel. (09) 605-914. Norway: Oslo, Tel. 68 02 00. Peru: Lima, Tel. (014) 326070. Philippines: Makati-Rizal, Tel. (02) 86-89-51 to 59. Portugal: Lisboa, 
Tel. (019) 68 31 21. Singapore: Singapore, Tel. 35 02 000. South Africa: Johannesburg 2001, Tel. (011) 402-4600/07. Spain: Barcelona, Tel. (93) 301 6312. Sweden: Stockholm, 
Tel. 08/7821000. Switzerland: Ziirich, Tel. 01-488 22 11. Taiwan: Taipei, Tel. (02) 7120500. Thailand: Bangkok, Tel. (02) 233-6330-9. Turkey: Istanbul, Tel. (01) 1435910. 
United Kingdom: London, Tel. 01-580 6633. United States: Sunnyvale, California, Tel. (408) 991-2000. Uruguay: Montevideo, Tel. (02) 985395. Venezuela: Caracas, Tel. 
(02) 239 39 31. For countries not listed contact Eindhoven, Tlx: 35000 phtc/nl jevmf. 
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The name is Philips. 
The product is DSP. 
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The power necessary for your digital 
signal processing application just 
arrived from Philips. Sheer 
throughput that 


work of ff" 


the 
complex 
algorithms 
required for 
real-time tele- 
coms, speech, image 
and industrial signal- 
processing applications. 
Throughput power that 
stems from highly parallel 
architecture. The DSPs in Philips’ _ 
new SP50 Family can perform up to six 
operations every 125 nano second clock 
cycle, processing signals at up to 48 million 
operations per second. 

But computational power only holds the key 
to starting a DSP project. Solid partnership with 
your supplier is necessary to bring the design 
cycle toa successful conclusion. Designing with 
DSP needs in-depth support: a complete set of 
design tools, backed by expert engineering 
advice, and long-term commitment. That's all part 
of Philips’ business philosophy, and in DSP it's 
already led to a track record of dozens of projects, 
and literally millions of ICs. 

To find out more about SP50 DSP technology, 
clip the coupon below: 

SP50 Family single-chip programmable DSPs: 

e CMOS, Harvard architecture two (16-bit data-buses) 

© 16 x 16 — 40-bit multiplier/accumulator with barrel-shifter 
® separate 2-operand/31-operation ALU 

e 3-port/15-register scratchpad file 

® three address computation units 

® two Serial input channels 

® two Serial output channels 

@ one or two 16-bit parallel data ports :— 16, or 16 and 9-bit addressing 
e maskable interrupt 

@ instruction repeat mechanism 


® instruction and coefficient ROM (PCB5010) and ROMless (PCB5011) 
versions 


Development support: 

e Cross-assembler 

® screen-oriented simulator with ILS interfaces 

@ extensive source-code-accessible library of filters FFTs etc. 

@ stand-alone real-time emulator 

® application notes 

Application highlights: 

e Fast filter and FFT kernels with amazingly little overhead for 
initialization and I/O 

® easy multi-DSP implementation via flexible I/O capabilities 

@ combined DSP and controller use by means of separate ALU 


Please send me full details of Philips DSPs 


| Name 
| Position/file 

Company 
| Address 


‘hig 


Country 
| EDN 080687 


Philips Electronic Components and Materials Division, 
Building BA, P.O. Box 218, 5600 MD EINDHOVEN, The Netherlands, Telex 35000 phtc/nl 


PHILIPS 
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LOW PROFILE/HIGH DENSITY 
SWITCHING POWER 


Case 23 


Up to 600 Watts 
37x 5"x 14.25" 


Main Channel 
Up to 80A 

Auxiliary Mag 
Amp Outputs 


400 to 600 Watts from up to 7 fully 
regulated outputs in a package 
that's sized to fit your OEM 
requirements. With the standard 
features and options you are look- 
ing for: N+1 redundancy; EMI 
filtering to FCC 20780 Class A; 
Main channel pre-load; A ball 
bearing, brushless DC fan; DC 
input models. International safety 
approvals and field strappable ac 
input voltage to fit anywhere in the 
world. The Case 23 from 
Qualidyne —try it on for size. 


THE SWITCHER FIT FOR YOUR NEEDS 


Qualidyne 


QUALIDYNE SYSTEMS, INC. 
3055 Del Sol Boulevard, San Diego, CA 92154 
(619) 575-1100 Telex: 709029 FAX: 619 429-1011 
(800) 445-0425 In Calif. (800) 237-6885 
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8M BYTE MEMORY MODULE 


WM ES2Z20 


The TVME-220 is a 8Mbyte memory board. 

Since the 32 bit address of VME bus is assigned to B pin lines and 
VSB (VME Subsystem Bus) is assigned to A, C pin lines, the board 
can be used for both VME and VSB System Buses. 


MAIN FEATURES ¥ 


* TC511000P-12 is used for the memory. 

* Cas-Refor-Ras-Refresh method is employed as 
refresh. 

Parity Checking. 

The base address of VME bus can be set by 1 
Mbyte unit. : 
The base address of VSB can be set by 1 Mbyte —_—Aesaiiieiiraremnenr cere viii 
unit. BLOCK DIAGRAM OF TVME -220 
Inhibit function of VSB. 

Memory inhibit (by 2 Mbyte) at accessing of VME 
bus. 

Hi Speed Accessing Mode of VME bus. 

Byte, Word and Long word Accessing. 

It can be used in 4G memory area. 

It can be used either in expanded address or 
Standard address. 
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EPOTEK 


CORPORATION 


2151 0'Toole Ave., Suite L 
O'Toole Business Center 
San Jose, CA 95131 


OUR COMPANY. IS SEEKING A SALES REPRESENTATIVE 


TEL (408) 922-0133 
FAX (408) 922-0137 
TLX 902405802 
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Phone toll free for 
information & orders. 
1-800-237-4590 


CALENDAR 


International Computers in Engi- 
neering Conference and Exhibi- 
tion, New York, NY. American So- 
ciety of Mechanical Engineers, 345 
E 47th St, New York, NY 10017. 
(212) 705-7795. August 9 to 13. 


Modern Techniques in Digital Sig- 
nal Processing and Analysis (short 
course), Santa Cruz, CA. University 
of California Extension, Santa 
Cruz, CA 95064. (408) 429-4535. Au- 
gust 10 to 12. 


Intensive C Language Program- 
ming (short course), Santa Cruz, 
CA. University of California Exten- 
sion, Santa Cruz, CA 95064. (408) 
429-4535. August 10 to 13. 


Advanced SMT Design Techniques 
(short course), San Jose, CA. Sur- 
face Mount Technology Plus, 2216 
Lundy Ave, San Jose, CA 95134. 
(408) 943-0196. August 17 to 18. 


Engineering and Manufacturing 
°87, Boston, MA. National Comput- 
er Graphics Association, 2722 
Merrilee Dr, Suite 200, Fairfax, VA 
22031. (703) 698-9600. August 17 
to 20. 


Designing Signal Processors with 
DSP and Bit-Slice Chips (short 
course), San Diego, CA. Integrated 
Computer Systems, Box 3614, Cul- 
ver City, CA 90231. (800) 421-8166; 
in CA, (213) 417-8888. September 1 
to 4. 


Effective Skills for Technical 
Managers (short course), Washing- 
ton, DC. Integrated Computer Sys- 
tems, Box 3614, Culver City, CA 
90231. (800) 421-8166; in CA, (218) 
417-8888. September 1 to 4. 


Modern Electronic Packaging, Se- 
attle, WA. Technology Seminars, 
Box 487, Lutherville, MD 21093. 
(301) 269-4102. September 9 to 11. 


Invitational Computer Conference 
Computer Graphics Series, Fort 
Lauderdale, FL. BJ Johnson & As- 
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So far, we've met every challenger, head on a few rounds of shadow boxing. This is an all- 


_..-and nobody's gone the distance. So now out battle between the reigning champ of 
we're taking on the undisputed D.C. Power today, POWER-ONE, and the new champ of 
Supply champ—POWER-ONE! tomorrow, POWER-ONE. | _ 
Sure ...it would be easier to sit back and We guarantee the outcome will be a crowd 
rest on our laurels, but that's not POWER-ONES pleaser. 
style. And never will be. For three straight years For the Champ’s new 1987 
you've voted us Buyers Top Choice in OEM Power Catalog and capabilities brochure, 
Supplies* and we intend to make it four. That CALL Ol L-FREE 
means continued unbeatable POWER-ONE 2E HOT-LINE 
quality, prices, service, and delivery. Most (800) 235-5943, Ext. 113. 
important, it means raising our already high From California: (800) 421-3439, 
standards to a whole new plateau in CUSTOMER Ext. 113. 
SATISFACTION. * Electronic Buyers’ News, Annual Top 100 


So while we welcome hard-hitting competition, compere ere 


we're not about to grow complacent waiting for 
it to come along. We're setting new goals for 
ourselves, developing new products, pushing our 
R&D efforts to the limit—all designed to save our 
customers money, time and worry. 
In a word, we're getting tougher! 
And this isn't just a 
training session or | 


wer Supply Technology” me 


Te 


“Innovators i 


0.C. POWer SUPPLIES 


POWER-ONE D.C. POWER SUPPLIES 

740 Calle Plano * Camarillo, CA 93010-8583 
Phone: (805) 987-8741 * (805) 987-3891 
TWX: 910-336-1297 ¢ FAX: (805) 388-0476 
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We never thought of With an innovative approach 
ourselves as music makers. {0 assembling the chips, 
But we are now. Because we eC eC boards and subsystems 
built the 286 CPU board and you need for your specific 


other components that allow application. Without chewing 
Personics’ amazing CD ROM jukebox up the calendar and your R&D budget 
to duplicate recordings for retail in the process. 


customers. And soon we'll be playing In short, we’re easy to work with. 
near you. From design to production to delivery. 
In fact, NCR’s OEM PC-based Because we have the engineering know- 
technology is finding its way into a lot how and the manufacturing can-do to 
of places you might not think. Like deliver the goods. Without hitches, with- 


medical imaging and out surprises, without fail. 
diagnostic equipment. SO if you're looking 
Environmental contro! into developing new 


systems. Robotics and products, or finding ways 
manufacturing control to improve your current 


systems of every descrip- ones, look into NCR. For more 


tion. And everywhere we details about how NCR PC 
go, NCR PC technology is technology can fit into your 


proving itself an attractive plans, call us at (513) 445-0670. 


alternative to other architectures. And who knows, we could end up making 
That's because our PC technology is so versatile. beautiful music together. 
CIRCLE NO 12 
A SMART FOUNDATION 


TO BUILD ON. 


NCR Corporation 
_ Personal Co r Din 


a 
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masses 


CALENDAR 


sociates, 3151 Airway Ave, #C-2, 
Costa Mesa, CA 92626. (714) 957- 
0171. September 10. 


Integrated Manufacturing Solu- 
tions (IMS ’87), Long Beach, CA. 
Intertec Communications, 2472 
Eastman Ave, Bldg 33-34, Ventura, 
CA 93003. (805) 658-0933. Septem- 
ber 14 to 18. 


Hands-On Microprocessor Soft- 
ware, Hardware, and Interfacing 
(short course), Washington, DC. In- 
tegrated Computer Systems, Box 
3614, Culver City, CA 90231. (800) 
421-8166; in CA, (213) 417-8888. 
September 15 to 17. 


PCB Expo, Minneapolis, MN. PMS 
Industries, 1790 Hembree Rd, 
Alpharetta, GA 30201. (404) 475- 
1818. September 15 to 17. 


Effective Skills for Technical 
Managers (short course), Los An- 
geles, CA. Integrated Computer 
Systems, Box 3614, Culver City, CA 
90231. (800) 421-8166; in CA, (213) 
417-8888. September 15 to 18. 


Designing Signal Processors with 
DSP and Bit-Slice Chips (short 
course), Boston, MA. Integrated 
Computer Systems, Box 3614, Cul- 
ver City, CA 90231. (800) 421-8166; 
in CA, (218) 417-8888. September 22 
to 2d. 


Hands-On Microprocessor Soft- 
ware, Hardware, and Interfacing 
(short course), San Diego, CA. Inte- 
grated Computer Systems, Box 
3614, Culver City, CA 90231. (800) 
421-8166; in CA, (213) 417-8888. 
September 22 to 25. 
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3-BIT Address 

TTL Input & Output | 

24 Pin-DIP | 

Low Profile : 

Stable & Precise 

Glitch & Noise Suppressor 
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THERMAL SPEED CONTROL 
Thermally Automatic 


Comair Rotron’s new ThermaPro-V tech- 
nology controls internal temperature varia- 
tion automatically. Motor Speed is ad- 
justed by a temperature sensitive resistor 
wee, allowing for continuous moni- 
» toring. With fan speed based 

upon temperature, motor can 

™ be downsized; passive heat 

| dissipating units reduced and 
airflow programmed for extreme 


Available in Mutt DC / environments. 


and Sprint DC ' oe | . 
Patent Pending i os Comair Rotron. The automatic 


a choice in brushless DC fans. 
a For literature only call (800) 367-2662. 
Tr O In NYS and for product or technical 
C 


FORCED CONVECTION assistance, call our Application Engi- 
OOLING TECHNOLOGY neering Dept. at (914) 246-3615. 


COMAIR&ROTRON 


a KLI company 
Sawyer Industrial Park, Saugerties, NY 12477 
Telephone: (914) 246-3615 TWX: 910-333-7572 Telex: 551496 
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For workstations that 
thrive in a multivendor 


HP’s powerful family of technical workstations fits 
right in with your present computing resources, as well 
as those added in the future. With industry standard net- 
working, operating systems, and languages. Plus hundreds 
of advanced application packages, and performance extras 
to give you the competitive edge in all of your engineering 
and technical activities. 

Our solutions are implemented on one of the indus- 
try’s largest technical computer and workstation families. 
It consists of the HP Technical Vectra PC, the HP 9000 
series 200/300/500, and the new model 840 Precision 
Architecture Computer. 


Full UNIX System V compatibility. 


HP’s technical workstations use AT&T’s System V 
UNIX operating system with Berkeley 4.2 enhancements 
and HP improvements. The result is a standard tuned to 
the workstation environment with windowing, real-time 
I/O extensions, graphics, six languages and other extras. 


oe 


ae 


nae 


The networking you need. 


HP offers the networking to unify design, test, manu- 
facturing, and technical office automation in your company. 
You'll have ARPA and Berkeley services and TCP/IP on 
Ethernet** and IEEE 802.3 to provide connectivity with 
IBM, DEC, and other vendors’ products. 


AI power without special AI machines. 

You get everything you expect in a multipurpose 
workstation, plus the ability to run Artificial Intelligence on 
the same machine. Based on Common Lisp, it lets you 
harness AI power for accelerated software development. 
You can also get premier expert system tools from com- 
panies such as Intellicorp and Teknowledge. 


Wide range of graphics solutions. 


The choice is yours...from low-cost monochrome to — _ 
high-resolution color monitors...from simple report 


UNIX systems and 
-nvironment, talk to HP. 


graphics to 3D solids modeling. There are industry stan- 
dards like GKS and ANSI Computer Graphics Virtual 
Device Interface (CG-VDJ), to protect your investment 
by making your existing software portable. HP’s acceler- 
ated graphics solutions are highly modular, so you can 
upgrade whenever you choose. 


Hundreds of application packages. 

Specialized technical applications? No problem. HP’s 
application packages include logic and analog CAE, PCB 
CAD, microprocessor software development, 2D design 
and drafting, 3D solids modeling and finite element anal- 
ysis, documentation and report generation, and database 
management. New software packages are constantly being 
added for an even larger selection. 


HP—protecting your investment. 

Buying HP’s solutions is not only a smart decision 
initially, but it provides the added benefit of lower cost 
of ownership that reflects our commitment to quality and 
service. For more information, call your local HP sales 
office listed in the telephone directory white pages. 


Tap HP’s DATA-LINE 


for complete facts...instantly! 

For on-line information 24 hours a day, use your com- 
puter, modem, and HP’s DATA-LINE. Dial 1-800-367-7646 
(300 or 1200 baud, 7 bits even parity, 1 stop bit). 

In Colorado call 1-800-523-1724. 


*UNIX is a trademark of AT&T. **Ethernet is a trademark of Xerox Corporation. 
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A TOUGH ACT TO FOLLOW. 
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If you follow the test equipment business, you know the 
master at solving tricky problems is LTX. Our LTX77 has 
been the industry standard for some time. The Ninety is an 
even faster, more compact version of this versatile mixed- 
signal and consumer device tester. We recently introduced 
the highest throughput machine in linear testing: Hi.T. 
And, of course, there’s Trillium. 

If quick digital shipment and turn around schedules 
have you on the ropes, Trillium is the solution. In addition 
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‘Michael A. Stueben, © Discover Magazine 1/87 


to high throughput,Trillium’s test-head design allows the fastest set up and 
change-over time in the industry. Trillium’s powerful program generation and 
debug software (coupled with resource-per-pin architecture) is compatible 
with customer CAD test patterns and programs. It also facilitates fast, accurate 
and interactive device debug and verification. 

If you want to get new CMOS and ECL products out the door 
faster than ever, Trillium is the answer. Call your nearest LTX 
sales office for more information and, if need be, for the 
answer to the brain tester above. TEST YOUR LIMITS. 
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We know you face stiff competition 
with your next generation of products. 
Were actively working to help you stay 
in front. 

Starting with substantial invest- 
ments in research and development 
and in product, process and mechani- 
Zation engineering, we have committed 
all of our resources to a single goal: to 
be the leading source for the advanced 
reliable passive components you II 
need in the months and years ahead. 


Broadest line of passive 
components in the U.S. 


Since we've combined the resources — 


of Mepco/Electra and Centralab, we 
can meet your needs better than ever. 
We offer the broadest line of passives 
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ELL BE AROUND FOR 
AND THE NEXT. 


Mepco/Centralab i is investing 
mys, to keep you ahead of 


in the industry. Both leaded and surface 
mount. And we re adding new com- 
ponents, new configurations and new 
packaging alternatives all the time. 

For example, we challenge you to 
find a supplier that can match Mepco/ 
Centralabs wide selection of capacitors. 
Ceramic Capacitors. Film Capacitors. 
Aluminum Electrolytic Capacitors. 
And Tantalum Capacitors. 


We also have a broad selection 
of resistors, including Thick Film Chip 
Resistors. Metal Film Resistors. Preci- 
sion MELF Resistors. Nonlinear Resis- 
tors. And Trimming Potentiometers. 

Our electromechanical line includes 
Rotary and Pushbutton Switches. Key- 
Switches. Membrane Switches made 
to your precise specifications. And 
custom or standard Potentiometers. 


Leading in SMDs°: selection, 
performance and reliability. 


We can meet your growing needs 
for superior component performance 
in small sizes. We offer the largest 
selection of passive Surface Mount 
Devices (SMDs) in the industry, many 
with unique performance advantages. 
For example, our BLUE CHIP® Tantalum 
Capacitor has achieved worldwide 
recognition for reliability in many 
applications that demand outstanding 
electrical characteristics in a 
very small size. 

Our SMD Ceramic Chip 
Capacitors are another example of how 
Mepco/Centralab can help you greatly 
enhance circuit board density with 
superior SMD components. They offer 
State-of-the-art volumetric efficiency 
in a capacitance device. And they re 
available in a wide selection of capaci- 
tance values, dielectric materials and 
voltage ratings. 


® SMD is a service mark and BLUE CHIP . 
is a registered trademark of North American Philips Corporation. 
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AND THE NEXT... 


$20 million in passives 
your competition. 


are responsible for testing 
| >. product quality at frequent inter- 
‘a: vals—at each critical step of 
¢ & every manufacturing operation. 
Through the personal com- 
mitment to quality control that is 
shared by each of our employees, 
our most demanding customers 
can rely on Mepco/Centralab. Time 
after time. We're dedicated to manu- 
facturing passives that meet your 
requirements, and we have imple- 
mented quality programs such as 
“Ship to Stock.” 


We’re backed by Philips— 
a worldwide technology leader. 


We're a North American Philips 
company. As such, we share the 
resources and know-how of Philips— 
an established leader in surface mount 
technology and electronics research 
and development. We have the com- 
mitment, the financial strength and 
the stability to stay the active leader 
in passive components well into 
the future. CZ Surface Mount Device Catalog 


CI Leaded Resistor/Capacitor Data Book 
At Mepco/Centralab, quality fee 


is everyone’s responsibility. Name 
- Company 
Statistical Process Control is at 
Address 


work in all Mepco/Centralab manu- 
facturing plants. Our online operators 


THE NEXT GENERATION. 


Make us a part of your 
next generation. 

We want to be your partner in 
passives. Were prepared to meet your 
toughest performance or selection cri- 
teria in order to prove our capabilities. 
We'll meet your volume requirements as 
well as your precise scheduling needs— 
including ‘Just in Time” delivery. 

With Mepco/Centralab, you'll find 
the selection, reliability, availability and 
technical support you need. All from 
one dependable source. So beat the 
competition with your next generation 
of products. leam up with the active 
leader in passive components. We II 
be around. 

For more complete information on 
our product line, please send in the 
coupon. Or call us at (305) 881-3257 


Mepco/Centralab, Inc. EDN 080687 
2001 W. Blue Heron Blvd. 

Riviera Beach, FL 33404 | 
Att: Corp. Advertising 


Yes, | want to stay ahead of my competition. 
Please send me the following catalog(s). 


ZC Flectromechanical Product Catalog 
ZC Please have a representative call. 


Tite 
Dept | 
City 

Phone ( ) 


MEPCO/CENTRALAB 


A NORTH AMERICAN PHILIPS COMPANY 


THE ACTIVE LEADER IN PASSIVE COMPONENTS 
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EDITORIAL 


Expect the unexpected 


Some time ago I noticed a slogan that someone had carefully painted 
on the sidewalk: “Expect a miracle.” Well, it seems that miracles are 
few and far between. Although I hoped for one, no amount of 
expectation reduced my load of day-to-day work, nor did it lead to 
any great inspirations. The slogan reminds me of a cartoon I saw 
some time ago. Two researchers are looking at complex equations 
on a blackboard. Right in the middle there’s the legend “. . . and 
then a miracle occurs.” 

Perhaps the phrases should have been “Expect the unexpected,” 
and “...and then the unexpected occurs.” For example, during 
the spring, my son’s class was scheduled to take a field trip to one of 
Boston Harbor’s many islands. Because other kids in his class were 


- grumbling about the trip, he knew ahead of time that he’d hate the 


experience. So, at many dinners prior to the trip, we heard about 
how it was going to be “stupid” and “dumb.” It turns out that he 
thoroughly enjoyed the visit and wants the whole family to go back 
with him during the summer. 

I’ve wasted a lot of my own time worrying about how boring and 
“stupid” a meeting or trip was going to be only to find that, for the 
most part, it was interesting and informative. Even if the event 
turned out to be less useful than I had hoped, I usually found 
something positive that I hadn’t expected. I tend to be a pessimist 
at heart, but I’m trying to change my attitude. My recent experi- 
ences confirm that optimists have more fun. 

I’m not a complete optimist yet, because the unexpected has its 
negative side, too. For example, in early June, a bolt of lightning 
accidentally set off three rockets at NASA’s Wallops Island, VA, 
facility. The rockets had their igniters in place and were awaiting 
launch. By a twist of fate, one of the rockets had been intended to 
help scientists study the effects of lightning on the ionosphere. 
Unfortunately, that rocket was set at a low angle, and it blasted into 
a body of water several hundred feet away. The other two rockets 
flew perfectly, but no one was set up to track them. 


we 


Jon Titus 
Editor 
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VI?Ci22 


VT20C18 
VT20C19 


VT20C50 


VT20C68 
VT20C69 
VT20C71 
V1I20C72 
V120C78 
V120C79 


VT20C98* 
V120C99* 


VT62KS4* 
VT63KS4* 
VT64KS4* 
VT65KS4* 


Organization 


256x4 


2K x8 
2K x8 


IK x4 


4K x 4 
4K x4 
4K x4 
4K x4 
4K x4 
4K x4 


8K x8 
8K x8 


16K x4 
16K x4 
16K x 4 
16K x4 


Functions 
Separate I/O 


APD; 10 ns OE 
12 ns CE; 10 ns OE 


Separate I/O; FC 


APD 


I2osCS 

Separate I/O; OT 
Separate I/O; HZ 
APD; 10 ns OE 

12 ns CS; 10 ns OE 


APD 
Fast CE 


iSnsCS 

15 ns CS; OE 
APD 
APD; OE 


Access Times 


15 ns 


20 ns 
20 ns 


15 ns 


20 ns 
20 ns 
20 ns 
20 ns 
20 ns 
20 ns 


25 ns 
25 ns 


25 ns 
25 ns 
25 ns 
25 ns 


APD=Auto Power Down; CE=Chip Enable; OE = Output Enable; CS =Chip Select: 
FC=Flash Clear; OT=Outputs Track Inputs During Write; HZ = High-Impedance 


Outputs During Write *Samples Available 4th Quarter, 1987. 
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THIS IS WHAT OUR NEW SRA 


VLSI Part No. 


So long, Cypress. Sayonara, 
Toshiba. That goes for you, too, IDT. 
And Motorola. And all you other 
CMOS SRAM makers. 

Now VLSI has some of the fastest 
CMOS SRAMs around. 


Were not talking about just one 
part here. And one part there. 

But a whole family of SRAMs 
that blow the doors off anything 
from the competition. 


Our SRAMs make it easy to 
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MS DO TO THE COMPETITION. 


For a free poster of this ad call 800-8-SAMPLE. 


boost performance in your existing 
designs because each and every one 
is pin-compatible with industry- 
standard chips. 
And were developing tools to 
make them available for ASIC designs. 
So phone VLSI Technology at 


800-8-SAMPLE for more informa- 
tion and samples. Or write to us at 


1109 McKay Dr., San Jose, CA 95131. 
And see how you can blow the EO VLSI TECHNOLOGY, INC. 


doors off your competition. 
EDN August 6, 1987 CIRCLE NO 62 


HELV SICH ALI AE 


ROAR Toor smi 


in the blink of an eye. 


Get video speed, low power consumption, 
high resolution and superior price/performance 
with our new CMOS data converters. 


We've expanded our line to include more CMOS flash 
ADC's, acharge balancing ADC, an SPI ADC and a DAC. All 
featuring single 5V supply operation. 

We also offer a new high-speed op amp especially well- 
Suited to driving ADC’s or video cables. 


4,6 and 8-bit CMOS flash ADC’s. 

Choose from 4, 6 and 8-bit ADC’s. All operate at video 
speeds, with clocking speed and input bandwidth specified 
at 5V. What makes these flash ADC’s special is silicon-on- 
sapphire construction, resulting in low cost, high speed, very 
low input capacitance, low power consumption and inherent 
latch-up resistance. 


10-bit CMOS charge balancing ADC. 


This 10-bit successive approximation ADC captures fast 
moving signals, providing excellent resolution. 

It features a built-in fast track and hold, with conversion 
rates of 150 KHz and an input bandwidth of 1.5 MHz. Even at 
the maximum rate, power consumption is less than 20 mW. 


10-bit CMOS serial ADC. 


The CDPHC68A2 is selectable for either 8- or 10-bit reso- 


lution and has an 8-channel multiplexer allowing up to 
8 channels of inputs. The device can be used directly with 


our CDP68HC05C4, C8 or D2 microprocessors or other sim- 


ilar SPI (Serial Peripheral Interface) buses. 


8-bit CMOS R-2R video-speed DAC’s. 
These CMOS/SOS digital-to-analog converters operate 


8-bit 


from asingle 5V supply at video speeds and can produce 
“rail-to-rail” output swings. 

Typical update rate is 50 MHz. Settling is fast (20 ns typical) 
to 1/2 LSB. “Glitch” energy is minimized by segmenting and 
bar graph decoding of upper 3 bits. 

High-speed op amp. 

Specially designed for use with data converters, the 
CA3450 op amp has excellent speed and transmission line 
driving capabilities. 

For 10-bit accuracy, it settles to within 1/2 LSB in 40 ns 
with a 2V input signal. And it can drive up to four 50 ohm 
transmission lines. 


_ADC's Res. Bits Conv.Rate Hz Power Diss. (MW) Pkg. Leads _1K Price 


| OP AMP. UGBW Hz Slew Rate (X10) __lorMA__— Pkg Leads _1K Price 


Data in a flash. 

For data sheets of these new products, call toll-free 
800-443-7364, extension 19. Or contact your local GE/RCA 
sales office or distributor. 


In Europe, call: Brussels, (2) 246-21-11; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (2) 82-291; Munich, (89) 63813-0. 


-GE/RCA/INTERSIL Semiconductors 
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ASIC 
targets 
— design needs. 


In gate arrays, standard cells 
or Compiled Cell Custom, you'll 
always score with S-MOS. 


Complete design tools. 
S-MOS SYSTEMS supports a large 


and growing number of workstations, 
including Daisy, Mentor Calma and PC- 
based systems using FutureNet, Orcad 
and Viewlogic. Our proprietary LADS 
simulator is one of the fastest in the world, 


and our engineering support will keep 
you ahead of the competition. 


Advanced manufacturing. 


Our manufacturing affiliate, Seiko 
Epson, is one of the world’s most advanced 
CMOS IC manufacturers, with 18 years 
of CMOS experience. 


cy) 
OUP 


At our highly automated Class 10 
facility in Japan, Seiko Epson can produce 
40,000 4” wafers, 20,000 5” wafers and 
20,000 6” wafers. Each month. 

That's a total equivalent of about 23 
million units a month. 

High quality and total reliability. 

With a product reject rate of less than 
.0001%, S-MOS and Seiko Epson deliver 
the ASICs you can depend on. 

For a fully integrated ASIC program, 
call us. (408) 922-0200. 


S-MOS SYSTEMS 
2460 North First Street 
San Jose,CA 95131-1002 
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CMOS Gate Arrays CMOS Standard Cells Compiled Cell Custom 


Complexities to 16K gates Complexities to 16K gates The Alternative to Full Custom 
- SLA8000 (500ps)" - SSC1000 (720ps)* » 1.5 CMOS Process 
1.2 drawn, 0.95 Leff 1.8y drawn, 1.5y Leff ~- Can utilize dissimilar cell 
- SLA7000 (640ps)* - Fully migratable from geometries 
1.5 drawn, 1.2 Leff S-MOS gate arrays 3-button approach to custom 
- SLA6000 (1.3ns)’ * RAM and ROM blocks design 
2.0u drawn, 1.7 Leff available Currently over 300 fully 
¢ SLA5000 (2.2ns)* characterized cells 
3.0p drawn, 2.34 Leff Fast 14-week implementation 
time 
Timing-driven TANCELL’ 
Place-and-Route Software 


JO I CIV! 
A Seiko Epson Venture 


“Typical propagation delay of 2-input NAND gate driving 1 internal load including 100 interconnect. 
®TANCELL is a registered trademark of Tangent Systems. 
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s: For bipolar or junction 


Sprague is your source for discrete semiconductor 
tons, diodes, Zeners, MOS Capacitors, transistor 

and diode arrays. In TO-92, SOT 23. 14 and 

16-pin DIPs, metal cans, and as chips and wafers. 


Fully tested to meet your specs. Packaged to meet 
For the best in service, 


your needs, including standard tape and reel formats. 
come to us. Sprague Electric Company, Lexington, MA. For our Catalogs 
ure Service, Sprague Electric Company, P.O. Box 9102, Mansfield, MA 

t our Customer Service Center in Concord, NH at 603/224-1961. 


field-effect transistors. for Darling 


f nd CN-185, write to Technical Literat 


02048-9102. For applications assistance, contac 
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TECHNOLOGY UPDATE 


Advanced engineering calculators 
perform sophisticated operations 


Charles H Small, 
Associate Editor 


A recent survey by a calculator 
manufacturer revealed that design 
engineers have, on the average, five 
scientific calculators apiece. Even 
though the market for new calcula- 
tors would seem to be more than 
saturated, all the major scientific- 
calculator makers are betting that 
engineers will add a sixth, top-of- 
the-line calculator to their flocks. 

Casio, Hewlett-Packard, Sharp, 
and Texas Instruments have all re- 
cently introduced powerful scientific 
calculators with a host of intriguing 
new functions, features, and capa- 
bilities. 


You can take for granted that 


these advanced, programmable cal- 
culators come with a full co:nple- 
ment of scientific and engineering 
functions, including hyperbolic func- 
tions; single- and dual-variable sta- 
tistical analysis; Boolean operations 
in binary, octal, and hexadecimal 
number bases; and conversion func- 
tions for both complex numbers and 
common English and metric units. 
These calculators have also bene- 
fited from general advancements in 
electronics—they now sport inform- 
ative, eye-pleasing LCDs and low- 
power, CMOS circuitry. 

You might well wonder, however, 
why you’d want to purchase one of 
these advanced models when you 
can get a perfectly serviceable, 
basic scientific calculator for less 
than $30, and when virtually every 
engineer has access to a personal or 
mainframe computer. 

The answer is threefold. First, 
and quite simply, even though we 
are well into the computer age, the 
handheld calculator is still the engi- 
neer’s primary, interactive, prob- 
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CASIO scx 


The $109.95 fx-8000G from Casio has the 
largest LCD of any scientific calculator. The 
LCD can show long, complex command 
strings as well as graphs of functions. 


lem-solving tool. Second, the new 
advanced calculators provide impor- 
tant functions that basic calculators 
do not. Third, advanced calculators 
are becoming more and more com- 
puterlike in the way they operate 
and hence are not likely to be made 
obsolete by computers. 


Computerlike calculators 


The new, advanced calculators 
can perform sophisticated opera- 
tions such as random-number gener- 
ation, complex arithmetic, matrix 
mathematics, integration, and dif- 
ferentiation. The Hewlett-Packard 
HP-28C ($235) can even do symbolic 
math; it can rearrange, simplify, 
and solve equations for any variable 
and even do calculus. 

Depending on the model, some 


advanced scientific calculators have 
the following computerlike features: 
high-level-language programmabil- 
ity, multiline displays, menus, type- 
writer-style (qwerty) keyboards, 
built-in subroutine libraries, graph- 
ics capability, off-line storage of pro- 
grams, and printer and plotter 
interfaces. 

One thing these calculators don’t 
have that their less-complicated 
brethren do is shirt-pocket portabil- 
ity. With the exception of the 5%c- 
in.-tall Sharp Model EL-5200 
($109.95), none of the advanced sci- 
entific calculators in this article will 
fit into a typical shirt pocket with- 
out peeking over the top. Some, 
such as the Hewlett-Packard and 
Texas Instruments calculators, will 
not fit into a shirt pocket at all; 
perhaps they’re best termed “suit- 
pocket portable.” 

Neither are these calculators in 
the same class as so-called handheld 
computers. Not long after the intro- 
duction of the scientific calculator, 
calculator makers also introduced 
calculator-size, handheld comput- 
ers. These small computers differed 
from calculators in two ways: They 
lacked the calculators’ built-in scien- 
tific functions, and you programmed 
them in an interpreted language 
such as Forth or Basic. 

At first, the handheld: computers 
were just a curiosity for the comput- 
er hobbyist and were not capable of 
much useful computing work. But 
one handheld, the Panasonic HHC, 
came with a Forth cross-develop- 
ment system. Armed with this sys- 
tem, OEM users wrote custom pro- 
grams and hammered out a niche 
market for handheld computers as 
point-of-sale aids. For example, in- 
surance and real-estate salesmen 
could use a handheld computer run- 
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The Casio PB-1000 hand-held 
computer. Don't /et its size foo! 
you. When it comes to power, the 
PB-1000 is a real handful—with 
8K bytes, in fact, which can be 
easily eupanded to 40K, with an 
optional RAM pack. 

Besides impressive power for 
its small size, the PB-1000 has an 
LCD large enough for 32 columns 
of 4 lines of data. And the screen 
is touch-sensitive, so you can step 
through programs and data with 
the touch of a finger. To that you 
can add, as alowcost option, a 
3.5” floppy disk drive that 
includes both an RS-232C and 


Introducing touch-sensitive computer por 
for the price sensitive. 


printer port. All this has made the 
PB-1000 the computer of choice 
for many different professionals. 
Business and salespeople, 
bankers, insurance and real 
estate brokers, construction engI- 


neers, auto dealerships and other 
small, inventory intensive busi- 
nesses—tney ve all found the PB- 


tS (ard Cairo! 
15 Gardner Road. Fairfie! 


d, N.J.07006 ( 
CIRCLE NO 68 


1000 to be useful for expandin 
productivity both in the office and 
in the field. And new applications : 
are being discovered daily. = 
Let Casio or our VAR network — 
show you how it can be custom- 
structured with the appropriate 
hardware and software to suit 
your requirements exactly. The 
PB-1000 starts at less than $200. 
So you can make the most of its 
handful of power, without having 
to reach deep into your pockets. 


Where miracles never cease 


(201) 882-1493, Los Angeles (213) 803-3411 
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ning a custom program to figure 
rates and payments. 

Handheld computers have 
evolved in parallel with scientific 
calculators. For example, Pana- 
sonic’s latest model, the FH-2000, 
approaches the capabilities of a lap- 
top computer and has a CMOS 8088 
wP, 128k bytes of RAM and 512k 
bytes of ROM, and an 8&8-linex80- 
character LCD. With some changes 
to the source code, the unit can run 
programs written for the IBM PC. 
Despite their advancements, hand- 
held computers remain devices that 
an engineer would design in rather 
than design with. 


Basic-language programming 
But advanced scientific calcula- 
tors are incorporating one key fea- 
ture of the handheld computers: 
Some now employ Basic-language 
programming rather than keystroke 
programming. The first program- 
mable scientific calculators were 
keystroke programmable; that is, 
they had a memory that you could 
load with exactly the same series of 
keystrokes you’d use to evaluate a 
mathematical formula manually. 
For a function that requires only 
one pass through the program—or 
series of keystrokes—keystroke 
programming is very straightfor- 
ward because of its one-to-one cor- 
respondence with manual execution. 
But when a program requires deci- 
sion-making branches and repeating 
loops, keystroke programming  be- 
comes less user friendly because of 
the quirky, arcane nature of the 
decision-making and looping con- 
structs of the keystroke-program- 
mable calculators. | 
Further, verifying a program 
after you had entered it into the 
older calculators was a tiresome, 
error-prone task because the ma- 
chines’ 7-segment numeric LED dis- 
plays could not spell out the keys’ 
mnemonics. Instead of mnemonics, 
the calculators would regurgitate 
encoded check digits. 
Now, one trend in advanced sci- 
entific calculators is to meld stand- 
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A powerful Zoom key for manipulating graphs is one feature of the $109.95 Sharp EL-5200. 
Other graphical calculators require you to call up and alter the Range menu for scale 


changes. 


ard Basic programming constructs 
with the keystroke scientific func- 
tions. With these hybrid calculators, 
you can evaluate mathematical func- 
tions manually in the normal calcu- 
lator fashion. Programming the cal- 
culators, however, doesn’t mean 
you'll have to learn a new style of 
programming; you'll be able to use 
the Basic-programming skills you 
already have. As a plus, the flow of 
your programs will be somewhat 
easier for others to follow (and, for 
that matter, easier for you to follow 
when you try to regain understand- 
ing of a program you wrote in the 
past). Keystroke programming is 
hanging on in the US but has fallen 
into disfavor elsewhere in the world. 

Whether they are keystroke or 
Basic programmable, virtually all 
new, advanced scientific calculators 
sport some form of alphabetic-char- 
acter entry for naming programs 
and variables. Some have the alpha- 
betic characters laid out in the 
standard qwerty format. Others 
have them in a less handy but more 
compact rectangular array in alpha- 
betical order. Still others allow you 
to enter alphabetic characters as 
shifted, or second, functions. This 
last scheme results in the most com- 


pact keyboards but proves the least 
handy to use. 

However, the issue of handiness is 
somewhat moot for punching text 
strings into a caleulator. Although 
one model, the Casio fx-8000G 
($109.95), can store text files, no one 
will ever be foolish enough to use a 
calculator for word processing. And, 
following a trend started by the 
Sinclair personal computer (which 
had a miserable, hard-to-use mem- 
brane keyboard), all programmable 
calculators provide one-stroke keys 
for common programming con- 
structs and scientific-function calls. 
Therefore, you don’t have to do as 
much typing to enter a program into 
a calculator as you would if you were 
entering your program into a file for 
compilation or interpretation on a 
computer. 

The longest string of alphabetic 
characters you would typically enter 
would be a program’s title. The next 
longest strings would be variable 
names. In either case, the ease of 
use of the various keyboards would 
probably not have a significant ef- 
fect on the total time you would 
spend writing, entering, and debug- 
ging a program. 

In addition to having alphabetic — 
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provides an extensive series of menus. 


keys, advanced scientific calculators 
are becoming more computerlike in 
other ways. Take, for example, the 
Casio Model fx-850P ($149.95). This 
calculator is laid out in a horizontal 
format with a numeric keypad and 
scientific keys occupying the right- 
most third of the calculator. On the 
left is a miniature qwerty keyboard; 
the shifted functions of the qwerty 
keyboard include common Basic 
keywords. Thus, the fx-850P is in- 
deed a hybrid of the scientific calcu- 
lator and the handheld Basic com- 
puter. 


Calculator has 1M-byte ROM 
Basic programming isn’t this cal- 
culator’s only computerlike feature. 
Remarkably, the fx-850P comes 
with a huge (1M-byte) internal ROM 
that stores 116 scientific programs. 
You can use these programs just as 
you'd use the scientific-subroutine 
libraries of mainframe computers. 
Similarly, the Texas Instruments 
Model TI-74 Basicale ($135) has a 
qwerty keyboard and shifted func- 
tions for Basic keywords and scien- 
tific functions. However, when you 
press the Mode key, the alphabeti- 
cal keys become scientific-calculator 
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To help you access its more than 250 built-in functions, the $235 Hewlett-Packard HP-28C 


keys. Thus you have your choice, in 
one unit, of a handheld Basic com- 
puter with scientific functions or a 
conventional scientific calculator. 

In addition to picking up the key- 
boards and programming languages 
of computers, calculators are also 
getting more computerlike displays. 
The Sharp Model EL-5150 ($79.95) 
is a new, low-cost entrant in the 
firm’s line of programmable calcula- 
tors. It sacrifices the qwerty layout 
and Basic keywords for a larger dis- 
play than that of its cousins, Models 
EL-5500III and EL-5520. Just like a 
computer’s graphics terminal, the 
calculator displays equations in al- 
gebraic form with true superscripts 
for powers and standard mathemati- 
cal symbols (HP and TI calculators 
still use Fortran-like conventions for 
mathematical symbols). The Casio 
fx-8000G prints the characters A 
through F in one typeface when you 
use them in names and another 
typeface when they signify hex 
numbers. 

Advancements in calculator dis- 
plays don’t stop with mere mathe- 
matical symbols and Greek letters. 
Three new calculators, the Casio 
Model fx-8000G ($109.95), the 


Hewlett-Packard HP-28C ($235), 
and the Sharp Model EL-5200 
($109.95) feature large, multiline 
LCDs having graphics capabilities. 
The fx-8000G (like the company’s 
earlier $79.95 fx-7000G) offers 16 
characters x8 lines or 96X64 pixels. 
The HP-28C has 28 characters x4 
lines or 137 X82 pixels. The EL-5200 
shows 16 digitsx4 lines or 96X32 
pixels. 

These dot-addressable LCDs 
offer two capabilities that you for- 
merly could get only from a comput- 
er. First, they let you draw a graph 
of any function you can key in. The 
calculators have functions for plot- 
ting points, for drawing straight 
lines, and for graphing several func- 
tions and determining their inter- 
sections. Further, the Sharp EL- 
5200 has dedicated keys for scrolling 
and zooming the display. You can 
invoke these keys manually or in a 
program. (To change the scale of 
Casio’s and HP’s displays, other 
than by a fixed multiplier or factors 
of two, you must call up and alter 
the Range menu and then rerun the 
graphing routine.) 

Only time will tell whether or not 
the ability to quickly view a graph of 
a function is really a valuable tool 
for engineers or is just a gimmick. 
With the notable exception of soft- 
ware engineers, most engineers em- 
ploy a wide variety of visual design 
aids such as pole-zero plots and 
Smith charts. These aids allow an 
engineer to go back and forth be- 
tween the analytical realm and the 
real world. Perhaps engineers find 
such tools useful because, as brain 
research indicates, the creative half 
of the brain thinks in visual terms 
while the analytical half works syn- 
tactically. 

Thus, perhaps the ability to jump 
from the inherently syntactical, an- 
alytical world of the calculator, with 
its precisely ordered strings of com- 
mands, into the visual domain of 
graphed functions will prove to be a 
surprisingly powerful aid to an engi- 
neer’s creativity. 

The other benefit conferred by 
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The T1-74 BASICALC:’ 
The advanced scientific 
calculator you can 
program in BASIC. 


Every engineer should check it out. 
Because when you talk programs, 
you probably speak BASIC. And 
this powerful TI programmable 
understands your language. 


The TI-74 BASICALC from 
Texas Instruments knows 113 BASIC 
keywords: From ABS to VERIFY. 

You'll enjoy fast, straightforward 


™ Trademark of Texas Instruments Incorporated 


©1987 TI. 


east 


Basic spoken here. 


entry of the programs you use 
constantly on your job. And 
BASICALC keeps them always 
handy in its Constant Memory" 
8K internal RAM or optional 8K 
plug-in cartridges. 

You'll zip through everyday 
calculations using BASICALC’s 
70 built-in scientific, engineering, 
and statistical functions—and its 
ten user-definable keys. And you'll 
see each operation on the large, 
easy-to-read LCD display. 

If all that’s not enough, you 
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can add software cartridges—like 
Pascal, statistics, mathematics... 
A portable printer. And a cassette 
interface for saving data in big 
batches. 

Think what you could 
accomplish with a programmable 
that speaks your language. Ask 
to see it where you buy your 
professional tools. Try the Tl-74 
BASICALC now. 


TEXAS 
INSTRUMENTS 
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large LCDs provides some help for 
the fumble-fingered who have trou- 
ble hitting calculator keys accurate- 
ly and for the fumble-brained who 
can’t get formulas or programs 
right on the first pass. Whereas 
most calculators display only the 
present results of the operation last 
invoked, the fx-8000G, HP-28C, and 
EL-5200 can retain and display an 
entire string of commands on their 
large, multiline displays. The calcu- 
lators have editing keys for moving 
the cursor around in the command 
line, and they have inserting and 
deleting functions. Thus, you can go 
back and alter the string before you 
execute it. And, if you don’t like the 
result of the calculation, you can 
recover the command string and 
data, alter them further, and rerun 
them. (The HP-28C can also operate 
in the immediate mode, as a conven- 
tional calculator does.) 

This command-string mode of op- 
eration and these editing capabili- 
ties make entering complex func- 
tions and programs in this calculator 
much easier than it was in earlier 
calculators that did not capture your 
command line or support simple ed- 
iting functions. The HP-28C has one 
further computerlike trait: a single- 
stepping command in its program- 
control menu for troubleshooting 
programs. 


Menus and softkeys 


An additional way in which scien- 
tific calculators are becoming more 
like computers is that many of them 
are now menu controlled, and many 
also provide some softkeys instead 
of having a dedicated key for each 
function. Very early in their devel- 
opment, scientific calculators ac- 
quired more functions than could 
possibly be handled by the maxi- 
mum number of dedicated keys that 
could fit on a control panel of reason- 
able size. Soon each key had to do 
double duty—it had a primary func- 
tion that you got with a single key- 
stroke and a “shifted” function that 
you got by preceding the keystroke 
with the press of a shift or a second 
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The $200 TI-95 from Texas Instruments requires only a simple connecting cable to drive its 
companion printer ($115). The calculator also accepts preprogrammed ROM cartridges 
containing applications programs or constant-memory cartridges for storing user programs 


and data. 


function key. 

The Casio fx-8000G provides an 
extreme example of this form of 
control. Some of its keys have five 
functions. Which function you get 
depends on the mode you are in and 
whether you precede a keystroke 
with a shift-key or alpha-key key- 
stroke. 

HP and TI have chosen to make 
their newest control interfaces more 
like menu-driven computer pro- 
grams. The HP-28C’s_ keypad 
doesn’t have many of the math keys 
you'd expect to find on a scientific 
calculator. It has only eight math 
keys—four basic mathematical oper- 
ations and four simple, shifted math 
functions. The keyboard has no keys 
for common scientific functions such 
as trigonometric or logarithmic op- 
erations. It does, however, have an 
equals sign (earlier scientific caleu- 
lators from HP did not). The 
HP-28C gives you the option of en- 
tering functions algebraically as 
well as in the company’s classical 
reverse Polish notation. 

Before you can use most of the 
mathematical, graphical, or editing 
functions of the calculator, you must 
first summon the appropriate menu. 
For example, before taking the sine 
of an angle, you must first press the 


Trig button. After you’ve pressed 
the Trig key, a series of five choices 
appears across the bottom of the 
display. You invoke the function you 
want (in this case, sine) by pressing 
a softkey immediately below the dis- 
play. The TI-95 ($200) employs a 
somewhat similar, but more limited, 
scheme; it has more dedicated func- 
tion keys than the HP-28C does. 

The HP-28C’s designers had no 
choice but to employ this menu 
scheme. For its size, the HP-28C is 
probably the most complex object 
ever made by man. The calculator 
has far more functions than any 
other calculator—too many func- 
tions to employ dedicated keys for 
each one. Mechanically, the process 
of selecting a menu with one key 
and then using a softkey to get the 
function you want from the menu is 
identical—at least in the number of 
keystrokes—to pressing a shift key 
and a function key. Conceptually, 
though, the two schemes are signifi- 
cantly different. 

To use the shifted-function ap- 
roach, you need only learn your way 
around your calculator’s keyboard. 
To use the HP-28C’s menu ap- 
proach, you must learn the hierar- 
chy that the calculator’s designers 
imposed on its collection of func- 
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Get more out | 
of your workstation. 


Give your workstation the 
powerful output it deserves. Versatec 
electrostatic and thermal plotters 
deliver your drawings, maps, and 
Charts faster, morereliably thanany [i ee 
pen plotter. bee 

Draw big, beautiful plots with 
high speed monochrome or color 
plotters in plot widths from 11 to 44 BEER Jes 4 : 
inches. Print as you plot using hard- | RANGA ae = | gee. 
ware character generators. Present pei aa ~ i 
your work on high quality paper and 
film media. 

The right connection. Link 
your Sun, Apollo, MicroVAX or IBM 
PC/AT workstation directly with any 
Versatec plotter via fast parallel inter- 
faces and optimized plotting software, 
or simultaneously receive plots from 
six nodes on your Ethernet® TCP/IP 
network with aVersatec Plot Server. : 

Versatec delivers more — i. = e SD | a 
support. More interfaces. More , | | 
Standalone and embedded rasterizers. 
More experienced electrostatic and 
thermal plotter service. And more 
Spares at more locations. 

Circle our readers’ service num- 
ber or call toll-free 800/538-6477* 
for your copy of “How to get more 
out of your workstation” 
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Move up to 
Versatec. 


*In California, call 
toll-free 800/341-6060 


Sun is a trademark of Sun Micro- 
systems. Apollo is a trademark of 
Apollo Computer. MicrovVAX 

is a trademark of Digital Equipment 
Corporation. IBM PC/AT is a trade- 
mark of International Business 
Machines Corporation. 
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A XEROX COMPANY 
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Versatec and Versatec Plot Server 
are trademarks of Versatec, Inc. 
Xerox is a trademark of Xerox 
Corporation. 


Plot data courtesy of Xerox, IMI and 
Zeh Graphic Systems. 
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The press of a button switches the Texas Instruments $135 TI-74 from a handheld Basic 
computer with scientific functions to a scientific calculator. 


tions. Like many complex applica- 
tions programs, the HP-28C has a 
Help menu with an entry for each of 
its functions and commands. 


Optional printers 


Just like real computers, most sci- 
entific calculators can give you a 
printout. But their optional printers 
have two drawbacks. First, they are 
generally noisy, slow, and some- 
what troublesome to program. Sec- 
ond, some require extra interface 
boxes. The HP-28C has the simplest 
link to its printer. It uses an infra- 
red LED to send a print file to its 
Model HP-82240A printer ($135) 
and requires no connecting cable. 

The Sharp EL-5200 and the Texas 
Instruments TI-74 and TI-95 need 
only a single cable to link the calcu- 


lator and printer. The Sharp Model 
CE-50P printer costs $124, and the 
TI Model PC 324 printer costs $115. 
The Casio calculators require an in- 
terface unit between calculator and 
printer. For example, the fx-8000G 
requires the $69.95 Model FA80 in- 
terface. The Casio Model FP40 
printer costs $139.95. Casio’s 
graphics calculators can also drive 
the $399.95 Model FP-100 plotter. 
The latest scientific calculators 
offer nothing really new in the way 
of storage of programs and data. 
The cleanest solutions for storing 
user programs and data are the con- 
stant-memory cartridges that some 
Texas Instruments and Sharp caleu- 
lators employ. (The TI cartridges 
cost $50; Sharp’s are $45 to $125.) 
These calculators have a rudimenta- 


For more information . sae 


For more information on the calculators described | in this article, ane the 
_ appropriate numbers on the Information Retrieval Service card or contact 


| the following manufacturers directly. 


Casio Inc 
Box 1386 
Fairfield, NJ 07007 
(201) 575-7400 
_ Circle No 697 


| Hewlett-Packard Co 
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Panasonic Industrial Co 
One Panasonic Way 
Secaucus, NJ 07094 

(201) 348-7000 

Circle No 699 


_ Sharp Electronics Corp 
_ Sharp Plaza 
_ Mahwah, NJ 07430 


(201) 529-9526 


_ Cirele No 700 


Texas Instruments Ine 
Box 79408 . 
Lubbock, TX 79408 - 
(806) 741-2000 | 
Circle No 701 


ry file-management system that al- 
lows you to store and retrieve your 
programs from the cartridges. Con- 
tinuing the long-standing tradition 
of ROM packs, the TI calculators 
also accept preprogrammed, $45 
ROM cartridges that contain rou- 
tines for various specific applica- 
tions such as mathematics and 
chemical engineering. 

With the aid of the appropriate 
interface units, you can also store 
programs for Casio, TI, and Sharp 
calculators on common cassette re- 
corders. The Model FA80 cassette/ 
printer interface for the Casio fx- 
8000G costs $69.95. The TI cassette 
interface costs $35. The Sharp 
CE-50P printer ($124) also incorpo- 
rates a cassette interface. The 
Hewlett-Packard HP-28C has no 
provision for external storage. 

These calculators vary widely in 
the amount of internal storage they 
offer. The Casio fx-8000G can store 
10 programs (having a total of 1446 
steps) internally. The Hewlett- 
Packard HP-28C has 1650 bytes of 
user memory and is not intended to 
replace the company’s HP-41, which 
does offer off-line storage of large 
program libraries and data files. 

The Sharp EL-5200 can store 99 
formulas having a total of 5120 
steps; the Model EL-5150 stores 99 
formulas having 1454 total steps. 
Finally, the Texas Instruments 
Models TI 95 and TI 74 each have an 
8k-byte memory that you can parti- 
tion at will among file space, pro- 
gram steps, and data registers. You 
can expand the memory with an 
8k-byte constant-memory  car- 
tridge. EDN 
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HARD-TO-FIND SIGNALS 
A SOURCE OF DELAY? 


Look at the Tek 2465A with a 17-bit 
Word Recognizer. It's an easy, eco- 
nomical scope option that makes 
the critical difference when you need 
to trigger on data to monitor digital 
system performance. Parallel bus 
information triggers your display, 
SO you Can view up to four chan- 
nels of real-time information. Add 
standard features such as 350 
MHz bandwidth, on-screen Lo _ 
cursors, 500 ps/div time . fs ie 7 
base and trigger level Fe 
readout, and you have 
a scope made for 
solving tough 
problems in 
digital design! 
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|_| Please send me your free Yes! | want a closer look at the Tek 2445A/2465A Family. 
videotape introduction, “The 


2445A/2465A Family: From 


Performance to Productivity.” Name 
[ | Please send me your free 22-page 
brochure. Title 
[_] Please have a Tek representative 
get in touch with me as soon as Company 
possible to arrange a 
demonstration. ae 
City State Zip 


D888-6-38AX EDN 
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SCOPES CUT OUT FOR 
YOUR KIND OF WORK. 


You can tailor the 2465A for spe- 
cial needs. Or choose one of three 
multiple-option packages, the 2465A 
Special Editions. They are config- 
ured for specific application areas at 
a significant savings over the sepa- 
rately ordered options. 

The 2465A CT with Counter/ 
Timer/Trigger offers crystal- 
controlled timing accuracy plus the 
extra triggering power you need for 
digital systems. 

Frequency and period can be 
measured with counter accuracy 
from any vertical channel directly. Or 
set up the scope to measure time 
intervals such as pulse width, rise 
time and propagation delay. Then 
store instrument setups in nonvolatile 
memory—for easy access and auto- 
matic execution. 

Check Tek software develop- 
ment packages. [hey make it easy 
to generate automated and semi- 
automated test procedures, even 
without prior GPIB-programming 
experience. Use the simple, multi- 
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Probe Tip 350 MHz 350 MHz 350 MHz 350 MHz 
Bandwidth 


150 MHz 
No.ofChannels [44 —SidiASSS~=~dASC“‘qATSOC™*C*™” 


4 
Horizontal 2% 2% 2% 2% 2% 
Accuracy (.001%*) — | (.001%*) ‘| (.001%°) 001%") | (.001%*) 


( 
Max. Sweep 500 psec 500 psec 500 psec 500 psec 1 nsec 
Speed 


Vertical Sensitivity | 2 mV/div 2 mV/div 2 mV/div 2 mV/div 2 mV/div 
Trigger Frequency | 500 MHz 500 MHz 500 MHz 500 MHz 250 MHz 
GPIB 
Trigger/Word 


Standard Standard Standard Optional Optional 
Recognizer 
Digital Multimeter | Standard Standard Not Optional Optional 
Available 
Video Trigger Standard Not Not Optional Optional 
Available Available 


3 years on parts and labor, including CRT 


*with Counter/Timer/Trigger 


Counter/Timer/ 


level menus to develop sophisticated 
test programs. 

Software is available to operate 
with the Tektronix 4041 controller, 
IBM PC, XT." AT® and compatibles. 


Get the full story! Return the 
reply card to Tek today. For a hands- 
on demonstration, call your Tek Sales 
Engineer. 
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Transputer-based PC add-in board 
supports programming in C 


With the T4 add-in board, you can 
develop parallel-processing applica- 
tions on an IBM PC or compatible 
computer. The board comprises four 
processor sections, each containing 
an Inmos Transputer and 1M, 2M, 
or 4M bytes of dedicated dynamic 
RAM. 

A program running on a parallel 
system typically comprises several 
processes, each operating on a sepa- 
rate processor, and is capable of 


ANALYZE 


interprocess communications. The 
Transputer performs these inter- 
process communications through 
four on-chip hardware links. The 
links perform high-speed (10M or 
20M bps) serial data transfers be- 
tween Transputers when necessary. 
The software can direct any process 
to send data to or receive it from any 
other process. Each Transputer has 
four links that connect to externally 
accessible pinouts, so you can con- 


LINKS TO OTHER 
PROCESSORS 
OR HOST 


TO OTHER 
STAGES 


wan as 


FROM 
PREVIOUS 


STAGE 


INTERFACE TO HOST PC 
(1 PER T4 SYSTEM) 


RESET RESET 


ANALYZE ANALYZE 


ERROR ERROR 


nect the Transputers in a variety of 
parallel architectures, such as ring 
or hypercube configurations. In a 
system with multiple T4 boards, 
you can link Transputers between 
boards. 

The initial version of the board 
uses a T414 Transputer that oper- 
ates at 15 or 20 MHz and that’s 
capable of an instruction through- 
put of 10 MIPS. The chip has a 
linear address space of 4G bytes, of 


TO NEXT STAGE OR 
SUBSYSTEM CONTROL 
AND SIGNALING 


TRANSPUTER SECTION 
(1, 2, OR 4 PER T4 SYSTEM) 


The host-interface section of the Transputer-based T4 PC add-in board receives data from the PC bus and passes it to the board’s four 
Transputer sections over high-speed serial links. You can connect the links among the Transputers either on the same board or on multiple T4 
boards, so you can configure parallel architectures, such as ring or hypercube configurations. 
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EDN is distributed 


at every major 
electronics/computer show in the 
U.S., France, and Germany. 


EIDIN 


UPDATE 


which 2k bytes is 20-nsec internal 
memory. It’s this fast workspace 
memory that lets the Transputer 
perform rapid context switching. 
Instead of having to store all of its 
register states when it switches 
tasks, the Transputer merely 
changes a pointer in the workspace; 
the pointer tracks the section of 
memory that holds a particular set 
of registers. 

The vendor will offer to retrofit 
the T4 with the more powerful T800 
version of the Transputer as soon as 
Inmos begins shipping it in produc- 
tion quantities. The T800 incorpo- 
rates a floating-point unit and has 
4k bytes of on-chip, 20-nsec dynamic 
RAM. 

You have an alternative to pro- 
gramming the T4 in Occam (Inmos’s 
programming language for the 
Transputer). With the T4, the ven- 
dor offers a C compiler that con- 
forms to the emerging ANSI C stan- 
dard. The C compiler .supports 
special constructs, which are syn- 
tactically similar to the standard C 
constructs and which support the 
parallel architecture of the T4 sys- 
tem. For example, the “Alt” con- 
struct, which is needed for passing 
messages between processes, de- 
cides which link is serviced first. 
The construct provides a priority 
queue that has a time-out feature, 
which prevents a single process 
from hogging a Transputer. 

The 15-MHz version of the sys- 
tem, with one Transputer, costs 
$1190. With two Transputers, it’s 
$2190, and with four Transputers, it 
sells for $4090. The 20-MHz versions 
cost $1290, $2390, and $4490, re- 
spectively. (These prices include 1M 
bytes of dynamic RAM _ per 
Transputer.) The system comes 
with an assembler; the Parallel C 
Compiler costs $495. 

—Margery S Conner 

Micropar Inc, 1100 Business Cen- 
ter Circle, Newbury Park, CA 
913820. Phone (805) 499-0652. TLX 
272849. 
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The Z280™ gives you a more powerful CPU and higher 
performance peripherals than you've ever seen on a 16-bit 


chip. Think of it as a 
complete microsystem 
ona chip. 


Unmatched 
performance... 

Start with the most 
powerful 16-bit engine 
available, add on-board Cache, 
MMU and Burst Mode 
memory support — and you'll 
begin to understand the 
2280's power and potential. 


... powerful on-board 
peripherals... 

Imagine the savings in 
cost and board size when 
you have peripherals like 4 DMA 
channels that'll give you 
transfers at 6.6 Mbytes /sec, and 
a full-duplex UART. 


Right product. Right price. Right away. 


h 


hest performance an 


est integration, ever. 


er on a single 16-bit chi 


... and the glue to tie it all together. 
With a DRAM Controller to support up to 1 MBit DRAMs and 


2280” | = 2065 68070 


oe 

PLCC/UVO0S = ssiCi‘“ 
TypicalPower = |375mW QW 
Speed HOB ee 
Memory Support 


16-bit Registers _| 12 General 15 Dedicated 


Instruction 256-Byte Assoc. 6-Byte Queue 
Pre-fetch Cache; Burst Mode 


Multiprocessor _| Local or Global Local only Local only 
Support 


4Channels,6.6 |2Channels 2 Channels, 3.2 
Mb/s @ 10MHz |2Mb/s @ 8MHz |Mb/s @ 10MHz 


3 16-bit 3 16-bit 2 16-bit 
Serial 1/0 1Full-Duplex UART 


DRAMController |10-bitRefresh 
5 . 


The choice is clear. 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 432-9971, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, 
GA (404) 923-8500, IL (312) 885-8080, MA (617) 273-4222, MN (612) 831-7611, NJ (201) 288-3737, (609) 778-8070, 
OH (216) 447-1480, TX (214) 231-9090, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 781227, 


W. GERMANY Munich (49) (89) 612-6046, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) G) 723-8979. 
R.O.C.: Taiwan (886) (2) 731-2420, U.S. AND CANADA DISTRIBUTORS: Anthem Electric, Bell Indus., Graham Elec.; Hall- 


JAN Devices Inc., Lionex Corp., Schweber Elec., Western Microtech., CANADA Future Elec., SEMAD. 


EDN August 6, 1987 


CIRCLE NO 99 


Mark Elec., 


Programmable Wait State Logic — 
on board — youre really look- 
ing at significant glue reduction. 


2280: Truly a microsystem. 

The Z280 gives you a lot 
more performance. In a lot less 
board space. All off the shelf 
and backed by Zilog’s proven 
quality and reliability. Plus, it's 
binary code-compatible with 
the 280" and priced to rival 8-bit 
chips. And all the development 
support tools you need are 
available from industry leaders. 
Contact your local Zilog sales 
office or your authorized dis- 
tributor today. Seeing is 
believing. Zilog, Inc., 210 
Hacienda Ave., Campbell, CA 
95008 (408) 370-8000. 


Zilog 


an atfiliate of 
EXON Corporation 
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Take Image Processing 
and Data Acquisition 


to MACH speed on the 


IBM PC with our new 
Array Processor. 


Fasten your seat belts! Our IBM PC array process- 
ing board and software fly! And they're completely 
backwards compatible with our Image Processing 
(frame grabber) and Data Acquisition (A/D, D/A) 
boards and software. 

Our MACH Series DT7010 Floating-Point Array 
Processor is general-purpose, and performs IEEE 
32-bit floating-point arithmetic at 6.5 Mflops. The 
DT7010 is particularly good at crunching data 
acquired by a Data Translation frame grabber or A/D 
board. 

And with our MACH Series software, you don’t 
have to program the board. The MACH Vector Sub- 
routine Library contains 118 general-purpose subrou- 
tines for digital image processing/signal processing, 
and vector/matrix operations. Our MACH Assembler 
and MACH Simulator ease writing custom 
algorithms. 

So hold on to your hat, and call us, at (617) 481-3700. 
The age of supersonic, desktop Image Processing 
and Data Acquisi- 
tion is flying. 


To learn more, see us in Gold 
Book 1987, or call to receive 
our first-ever 1987 3-Book Set, 
including 1987 Catalog, Prod- 


uct Summary Price 
List, and 
= Applications 
a Handbook. 
= Ke : 
oe 
Sg ) 
2 Call(617) 481-3700 
Hardware MACH SERIES SUMMARY Software 


Array rri* 
Processing 1024 Point 1024 Point 256 x 256 Price 
Board Real Complex Image 


DT7010 
Floating-Point 
Array Processor 


*All execution speeds are real-world, not theoretical, and include overhead times. 


DATA TRANSLATION 


World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA01752 (617) 481-3700 Tlx 951 646 

European Headquarters: Data Translation Ltd., 13 The Business Centre, Molly Millars Lane, Wokingham, Berks, RG11 2QZ, England Tlx 849862 (#D) 

International Sales Office: Australia (61) 2-662-4295; Belgium (32) 2-7352135; Canada (416) 625-1907; Chile (2) 2-253689; China (408) 727-8222, (86) 8-721-4017; Denmark (45) (02) 
187188; England (44) 734-79383; Finland (358)-90-372144; France (33) (1) 69-28-01-73; Greece (30) (3) 152-7039, (30) (1) 361-4300; Hong Kong (852) 3-318585; India (91) 2-231040; Israel 
(972) 3-324298; Italy (39) 2-81821; Japan (81) (3) 502-5550, (81) (3) 375-1551, (81) (3) 355-1111; Korea (82) 778-0721; Malaysia (60) 3-36299; Morocco (21) 9-30-6949; Netherlands (31) 
70996360; New Zealand (61) 2-662-4295; Norway (47) (02) 559050; Peru (51) (14) 31-8060; Phillipines (63) 818-0103; Portugal (351) 1545313; Singapore (65) 271-3163; South Africa (27) 
12469221; Spain (34) 14558112; Sweden (46) 8-7617820; Switzerland (41) 17231410, (41) 22360830; Taiwan (86) 2-709-1394; West Germany (49) 89809020. 


Data Translation is a registered trademark of Data Translation, Inc. IBM PC is a registered trademark of International Business Machines Corp. 
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Trio of digitizing oscilloscopes 
features high bandwidth, — memory 


Three digitizing oscilloscopes—the 
HP5185T, HP54112D, and HP- 
54120T—<an cater to almost all your 
high-bandwidth and deep-capture 
measurement needs. Each of the 
three instruments focuses on differ- 
ent measurement requirements (see 
Table 1). The HP5185T precision 
digitizing oscilloscope/waveform re- 
corder provides the high resolution 
and variable digitizing rate you ex- 
pect from a waveform recorder and 
also performs frequency-domain 
signal analysis. Although it has 
nearly the same input bandwidth, 
the HP54112D offers twice as many 
channels as the HP5185T does, but 
at a little more than half the price. 
For extremely high-frequency (to 20 
GHz), repetitive measurements, the 
HP54120T offers high-resolution 
signal digitizing on four input chan- 
nels. 

With its high-resolution A/D con- 
verter, deep memory, and complex 
triggering capability, the HP5185T 
precision digitizing oscilloscope cap- 
tures extensive information about a 
signal. The deep memory improves 
the instrument’s ability to perform 
an FFT on the sampled waveform. 
In addition, the digital scope can 
compute and display a signal’s 
power and phase spectra. Each 
input channel has two adjustable 
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One member of a family of three digitizing oscilloscopes, the HP5185T features high- 
resolution digitizing on two input channels at rates to 250M samples/sec, and it captures 64k 


samples/channel. 


trigger levels for internal trigger- 
ing. 

You can use these two levels to 
create a hysteresis window that pre- 
vents noise from accidentally trig- 
gering data capture, to create a 
“pi-trigger” window that triggers 
data capture when a signal deviates 
either above or below a set voltage, 


| RESOLUTION 
_ 


| CHANNELS | _CHANNEL 


to create “posneg” trigger levels 
that start data capture only when a 
signal has crossed both trigger lev- 
els (regardless of the order of the 
crossings), or to create a dropout 
trigger that starts data capture 
when a signal is either above or 
below the trigger level for a speci- 
fied length of time. A program- 


| SAMPLES/- . 
PRICE. 
| $40,000 
$22,900 
$27,850 


ou 


64k 
1k TO 10k 
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FEATURES: oe 
° One-chip multi-mode modemiCfor _ 
_ V.22 bis/V.22/V.21 and Bell 212A/ SD 
103 applications | 
__ © FSK (300 BPS), DPSK (600,1200t—i*=‘C 
____ BPS), or QAM (2400 BPS) =e 
____¢ Allmodem functions ideding | 


| ae ae 


: ° CMOS jeshiatogy sor} power 
| ne levee 97) _ 


excellent eas anda high | ive : 


___ Of functional integration in a single 28 
_ pin DIP. This device meets world-wide 


___ Standards and supports all modes of 


operation, allowing both synchronous 


and asynchronous communication. 


_ The SSI K224 is ideal for use in 


_ . _ either free- -standing ori integral system. | 
“Pesan products such as lap-tops, 


d nn terminals, or 


PRODUCT UPDATE 


mable delay allows you to postpone 
the start of data capture by as many 
as 1M samples. The scope also has 
an external-trigger input. 

Each channel of the HP5185T 
provides nine full-scale input ranges 
from +50 mV to +20V, and you can 
define as many as three custom 
range settings for frequently taken 
measurements. A gated timebase 
allows an external signal to start 
and stop the waveform digitizing 
after the trigger. In addition, al- 
though the instrument has a linear 
sampling timebase that ranges from 
8 nsec to more than 490 psec (250 
MHz to 2 kHz) in 8-nsec steps, its 
external timebase input allows you 
to use nonlinear or precision fre- 
quencies ranging from dc to 250 
MHz as a sample clock. The compa- 
ny also offers this instrument as the 
$28,200 HP5185A waveform digitiz- 
er: It has the same specifications as 
the HP5185T’s, but doesn’t have a 
display. Each of the two versions of 
the instrument includes an [EFEE- 
488 interface that allows a host com- 
puter to program the instrument 
and to read the samples after the 
signals have been captured. 

Although some of its specifica- 
tions resemble those of the 
HP5185T, the HP54112D digitizing 
oscilloscope is quite a different in- 
strument. It has two bits less verti- 
cal resolution, twice as many chan- 
nels, and costs a little more than half 
the price. The HP54112D does not 
have the HP5185T’s frequency-do- 
main-calculation capability or its 
dual internal triggers for each chan- 
nel, but it does share the HP5185T’s 
ability to compute and display other 
signal attributes, including frequen- 
cy, period, pulse duration, rise and 
fall times, and signal rms voltages. 

The HP54112D digitizes signals 
at rates from a blazing 400 MHz to a 
snail-like 50 sec/sample. Its input- 
channel ranges span +5 mV/div to 
+5V/div. Each input has one trig- 
ger level, and the instrument ac- 
cepts an external trigger applied to 
a rear-panel input connector. In ad- 
dition, it has a pattern trigger that 


allows you to use the four analog 
input channels plus the external 
trigger input as a 5-bit logic trigger. 
A trigger delay allows you to hold 
off the start of data capture by as 
many as 16M trigger events. The 
scope’s color display makes the mul- 
tiple signal traces easy to identify: 
The scope ties numeric information 
on the display to the associated 
trace by displaying the numbers in a 
matching color. 

For very-high-frequency analysis, 
the HP54120T digitizing oscillo- 
scope features a 20-GHz repetitive- 
signal bandwidth on its four input 
channels. The company rates the 
scope’s timebase as having 0.25-psec 
resolution and 10-psec accuracy. Be- 
cause the instrument uses a sequen- 
tial sampling technique that ac- 
quires only one sample per trigger, 
it does not perform single-shot 
measurements. In fact, the scope 
digitizes at a typical sample rate of 
4500 Hz and has a maximum sample 
rate of 10 kHz. Its input channels 
have no trigger levels; you must use 
the instrument’s 500-MHz external 
trigger input. 

In addition, the 50Q input chan- 
nels have no input attenuators. The 
full-scale input range for all chan- 
nels is +320 mV. To reduce larger 
signals, you use fixed, external at- 
tenuators that you screw onto the 
channel’s 3.5-mm input connectors. 
The company offers HP33340C Se- 
ries fixed attenuators for $248 each; 
they offer attenuation of 0 to 40 dB. 
An external enclosure houses the 
input channels and trigger input, 
allowing you to place the input con- 
nectors close to the circuit you’re 
testing so you can minimize the 
lengths of the test cables. At the 
very high frequencies the HP- 
54120T can capture, you need the 
shortest possible cable runs. The 
input head contains fast S/H circuits 
with filtering, so only  low- 
frequency analog signals pass back 
to the instrument’s mainframe, 
where the digitizing is performed. 

Above 1 GHz, you’d normally pipe 
signals around a system by using 
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“THEY SAID NO ONE 
COULD PUT IT ALL ON ONE CHIP” 


Introducing the SSI K224 With Everything 
You Want in a 2400 BPS Modem— With 
DSP on Chip. 

“When we set out to design the universal 
modem IC that would meet 300 to 2400 BPS 
worldwide standards, even some of our best 
customers were skeptical. We knew existing 
solutions took a handful of IC’s and separate 
DSP’s for V.22 bis operation, requiring a lot of 
space and power. Our customers said they 
needed a single IC that would do it all, so it 
Was only natural that we would come up with 
a chip that would meet their needs. 

“Here's what they asked for, and here’s 
what the K224 gives them: V.22 bis, V.22, 
V.21, Bell 212A and 103 modes of operation 
for both synchronous and asynchronous 
communication; complete tone generation 
for DIMF, answer and guard tones; call pro- 
gress tone and handshake pattern detectors; 
and all the other functions needed to support 
intelligent modem designs. We integrated all 
these functions plus the DSP on a single 
chip—something no one else had attempted. 

“So our skeptics were almost right when 
they said no one could put it all on one chip— 
because so far no one else has. Maybe some 
day someone else will. Meanwhile, give us 
a call and take advantage of the jump we've 
got on our competition by getting the jump 
on yours.” 


jcpinidinanenesssainesiy 


Call Now! 
(714) 731-7110, Ext. 575 


For more information on the SSI K224, or 
the complete K-Series family of compatible 
modem IC’s, contact: Silicon Systems, 14351 
Myford Road, Tustin, California 92680. 


ill ae, 


Steve Levy / Peicheng Ju 
Design Engineers 


INNOVATORS IN J INTEGRATION 


“Where we design to your applications.” 
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e Lectroline® power line filters meet 
MIL-F-15733 and interface with all UL and 
NEC approved equipment. UL-1283 approval 
pending. 

¢ Wall- and Floor-mounted Lectroline 
power line filter panels. 

e Filters and power factor coils available 


for standard 60 Hz and 400 Hz power systems. 


e Communication and control line 
filters. 
¢ Lectroline signal line filter panels. 


¢ Custom filters to your specs to comply 
with MIL-STD-461/2/3, FCC, VDE and other 
regs. 

“Common mode filters. 


Reliability — an LMI advantage. 

All Lectroline power line filters are supplied 
with internal bleeder discharge resistors per 
UL 478-1967 and NEC 460-4. 


Oil leakage is virtually eliminated by hermetically 
sealing both the oil-impregnated capacitors and 
the external case. 

Other LMI advantages include ventilation 
screens in high-current Lectroline filters (to 
UL-1283), use of wiring wells to isolate input 
and output wiring, and internal filter wiring at 
1000 circular mils per ampere, minimum. 
Assembly of all electrical wiring, terminal strips 
and cabling is performed with UL-approved 
devices. 


For most RFI/EMI suppression 
applications. 

LMI filters and filter panels are now widely used 
in shielded rooms and cabinets, ground support 
equipment, computer rooms, hospital 
diagnostic facilities, electrical and electronic 
equipment, and communication centers. Write 
or call the LMI Application Engineering 
Department for additional information. 


Nationwide Representatives 


>) LectroMagnetics, Inc. — 


6056 West Jefferson Blvd., Los Angeles, CA 90016 + (213) 870-9383, Toll Free (800) 325-9814-U.S.A. - (800) 325-9815-CA 
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DID YOU KNOW? 


EDN serves 


electronic engineers and 


engineering managers in more than 
100 countries worldwide. 
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UPDATE 


coaxial cable and connectors. That 
procedure is often inconvenient for 
troubleshooting purposes, because 
the nodes you’d want to probe are 
generally not those that are conve- 
niently attached to a connector. The 
company offers the Model HP- 
54006A, a passive, 6-GHz divider 
probe, for $895. The probe allows 
you to explore very-high-frequency 
circuits when a coaxial hookup isn’t 
available. The probe operates the 
way a regular scope probe does, but 
at much higher frequencies. It has 
interchangeable resistors, which 
give it attenuation of either 10:1 or 
2:1. 

A time-domain reflectometer 
(TDR) built into channel 1’s input 
allows you to perform reflectance 
and impedance tests on circuit 
traces and cables. The HP54120T’s 
onboard »P allows you to null the 
effects of your test jig by pressing a 
button, so that only information 
pertaining to the circuit under test 
is displayed. With the TDR, you can 
explore the effects of stubs and im- 
pedance mismatches on ECL and 
GaAs pe-board traces. 

The HP54120T features the color 
display and computation capabilities 
of the HP54112D and adds time and 
voltage statistics and histograms. 
You can use these histograms to 
determine jitter and noise on repeti- 
tive signals, a measurement tradi- 
ticnally made on analog scopes by 
subjectively judging the intensity of 
the shades in a smear of traces. At a 
single keystroke, the HP54120T cal- 
culates and displays the mean and 
standard deviation of time or volt- 
age for several cycles of the digitized 
signal.—Steven H Leibson 

Hewlett-Packard Co, Box 10301, 
Palo Alto, CA 94303. Phone local 
sales office. 
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STABLE, ABLE and LOW-IN-PRICE! 
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Heres a range of precision counters that lead 
the field in stability, capability and economy: Philips 
PM 6660 series. 


Each counter features Philips’ unique 
MTCXO (Mathematically Temperature-Com- 
pensated Xtal Oscillator) concept to provide a 
residual temperature stability of 2 x 107 
(0°C...50°C); a level of stability normally obtained 
only with oven-stabilized oscillators of high-cost in- 
struments. 


Each counter has a frequency range of 0.1Hz to 
IZOMHz (17GHz optional); the PM6665 and 
PM6666 Timer/Counters have 9 measuring func- 
tions and time interval averaging with a resolution 
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down to 20ps, while the PM6669 Frequency 
Counter offers 8 measuring functions, including 
frequency difference. 


The top-of-the-range PM6666 is fully prog- 
rammable via GPIB - including trigger levels, sensi- 
vity and all input settings. It also features Vmay/ 
Vmin measurements as well as auto-trig level set- 
ting with guaranteed triggering for all input signals 
above 100Hz. 


No-compromise input circuitry on each counter 
ensures. error-free triggering under all conditions. 
And a selection of special — purpose options - 


including GPIB interface — enhance application. 


flexibility. 


Product credibility in technology, technique, 
quality and service, too, is assured because the 
PM6660 series is backed by the resources of one of 
the worlds largest electronics companies. 


MADE TO MEASURE 


Write to: Philips | & E, T & M department, Building HKF70, 5600 MD 
Eindhoven, The Netherlands or call your local supplier: Austria (222) 
629 141; Belgium (2) 5256692/94; Denmark (1) 572222, Finland (0) 
5257225; France (1) 49428000; Germany (561) 5010; Great Britain 
(0223) 358866; Ireland (1) 693355, Italy (39) 3635 240/8/9; Nether- 
lands (40) 782808; Norway (2) 680200; Portugal (1) 683121; Spain 
(1) 4042200; Sweden (8) 7821800; Switzerland (1) 4882211. 


Advanced technology 
made to measure 
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Data-acquisition chip contains 
10-bit ADC, S/H circuit, and multiplexer 


The LTC1090 data-acquisition sys- 
tem contains a 10-bit A/D converter, 
an S/H circuit with a 1-wsec acquisi- 
tion time, and an analog input multi- 
plexer, all on a single piece of silicon 
packaged in a 20-pin DIP. The se- 
cret of the low pin count is the 
device’s full-duplex, serial wP inter- 
face. Selected versions of the part 
feature a total unadjusted error of 
+0.5 LSB over the full operating 
temperature range. 

You can configure the analog 
input multiplexer as eight single- 
ended inputs, four differential in- 
puts, or a combination of single- 
ended and differential inputs by 
means of the chip’s 8-bit input data 
word. This data word selects a mul- 
tiplexer input channel, picks single- 
ended or differential operation for 
the selected analog input, sets the 
polarity of the input pins for a se- 
lected differential-input pair, se- 
lects unipolar or bipolar A/D opera- 
tion, defines the output word width, 
and determines whether the LSB or 
the MSB of the conversion will 
emerge first from the serial output. 
The internal S/H circuit operates 
only for single-ended conversions. 

An on-chip, 10-bit, switched-ca- 
pacitor D/A converter; a compara- 
tor; and a successive-approximation 
register form the A/D converter. 
You can select either 10-bit unipolar 
or 9-bit-plus-sign bipolar conver- 
sions by means of the chip’s serial 
input data word. A conversion re- 
quires 20 wsec. The total unadjusted 
error for either the unipolar or the 
bipolar conversion mode over the 
device’s full temperature range is 
+0.5 LSB for the LTC1090A and +2 
LSB for the LTC1090. The 
LTC1090CN, in a plastic package 
and rated for —40 to +85°C opera- 
tion, costs $11.95 (100). A similarly 
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Each of these 20-pin DIPs houses a com- 
plete data-acquisition system comprising 
an analog input multiplexer, an S/H circuit, 
a 10-bit A/D converter, and a serial I/O port. 
The manufacturer rates the part’s total wun- 
adjusted error at +0.5 LSB for selected 
devices. 


packaged LTC1090ACN costs 
$18.95 (100). 
The A/D converter has 


ratiometric, differential reference 
inputs, so you can use any reference 
voltage and polarity that suits your 
application. When the reference 
voltages are low (around 0.5V), a 
charge-injection offset voltage be- 
comes significant and can result in 
an error of about 0.5 LSB. However, 
this offset is proportional to the 
power-supply voltage and is not sen- 
sitive to temperature, so a software 
routine that runs an automatic cali- 
bration on a grounded input can null 
this error. For reference voltages 
around 5V, the offset voltage causes 
only about 0.1 LSB of error and 
therefore won’t affect readings. 
Because the device allows you to 
program unipolar or bipolar opera- 
tion, you can achieve 11-bit resolu- 
tion with this device by using a 
technique the company calls “Sneak- 
a-Bit.” By performing two unipolar, 
10-bit conversions and switching the 
polarity of the differential inputs 
between the two conversions, a soft- 
ware routine can assemble an 11-bit 
representation (composed of a 10-bit 


magnitude and a sign bit) of the 
analog signal. 

To accommodate 4-, 8-, and 16-bit 
wPs, the manufacturer designed a 
variable word width into this de- 
vice. You can select 8-, 10-, 12-, or 
16-bit output data words, and you 
can decide whether the LSB or MSB 
of the data word will be shifted out 
of the serial port first. This latter 
feature allows the part to interface 
directly with Motorola’s SPI and 
National Semiconductor’s Micro- 
wire serial wC ports, which require 
data output to take place MSB first, 
or Hitachi’s SCI and Texas Instru- 
ments’ TMS7000 uC ports, which 
want the LSB first. 

For applications for which the 8- 
channel multiplexer and 20-pin 
package are too large, the company 
offers the LTC1091CN8 _ and 
LTC1091ACN8, which are 2-channel 
versions of the data-acquisition sys- 
tem in an 8-pin DIP. You can use the 
analog channels as two single-ended 
or one differential input. The 
LTC1091ACN8 has a maximum un- 
adjusted error of +0.5 LSB, and it 
costs $15.80 (100). The 
LTC1091CN8, which has a relaxed 
specification for total unadjusted 
error, costs $10.95 (100). 

—Steven H Leibson 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
950385. Phone (408) 942-0810. TLX 
172110. 
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SIEMENS 


Ten BCD at a turn 


with the single-deck rotary switch A1353 


Siemens offers a highly extensive This makes the A135 the ideal 
range of tried and tested electro- switch for programming electronic 
mechanical components, plus all circuits and for data encoding. 

the experience of a manufacturer All the other features of the A1353 
who has consistently invested a are detailed in a special publication. 
great deal of know-how in develop- _|f you would like one, please use this 
ing and perfecting electromechani- _—_journal’s reader service or send us 
cal components geared to market the coupon. 


requirements. 


The single-deck rotary switch A1353 Contacts you can rely on. 

is a typical example. One turn, and Electromechanical components 
the desired termination combina- from Siemens. 

tion is correctly aligned at each of 

the ten switch positions in BCD CBCLE WD ¢ 
code. 


This is because the A1353 employs 
future-oriented technology: 
@ Reliable contacting by means of 
self-wiping gold contacts. 
e@ Sealed terminals and tight 
contact cavity to prevent ingress of 
flux and cleaning agents during flow 
soldering and immersion cleaning. 

@ Terminals in dual-in-line grid 
spacing 


SIEMENS 


A jump ahead through megachip technology: 
the basis for new, highly complex logic circuits 
from Siemens. 


To show the way in electronic components, you have 
to master the development and manufacture of devices 
with the finest of structures. 


The 1-Mbit memory in 1-um CMOS technology, now 
being produced at our Regensburg plant, shows that 
Siemens once again has the know-how and the product. 


Add the applications experience of an international 
company and you get highly complex logic circuits: 
key devices for worldwide telecom systems and office 
communications, for factory automation, automotive 
and consumer electronics. 


All guaranteed by 27000 employees and billions 

of marks that go into the research, development and 
manufacture of components from 

Siemens. That is the basis our customers 

can count and build on. Worldwide. 


The dynamic time 100 ns and 
1-Mbit memory 120 ns; opera- 
from Siemens: __ ting voltage 5 V. 
54 mm? silicon 512 refresh 
area, 1-um cycles/8 ms. 18- 
CMOS techno- __ pin standard DIL 
logy, 2.2 million plastic package, 
integrated com- 20-pin for sur- 
ponents.Access face mounting. 
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Investment 

in the Mega Fac- 
tory in Regens- 
burg: 540 mil- 
lion DM. Manu- 
facture with 6” 
silicon wafers in 


4000 m? of 
ultra-clean 
rooms (dust- 
proof category 
10) and 4000 
m* of assembly 
and testing 


space. The entire 
manufacturing 
procedure com- 
prises some 270 
process steps. 


Integrated 
circuits and dis- 
crete semicon- 
ductors make up 
for about three 
fifths of Siemens 
components 
turnover. Besides 
memory devices 
Siemens produ- 
ces sophistica- 
ted logic circuits 
like gate arrays 
with 200-pico- 
second gate 
times, ISDN 
devices, 
SIPMOS power 
semiconductors 
and microwave 
components. 


Siemens AG, 
Components 
Group, 
Balanstrasse 73 
D-8000 
Munich 80. 
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READERS’ CHOICE 


Of all the new products covered in EDN’s May 28, 1987, issue, the ones reprinted here generated the most reader 
requests for additional information. If you missed them the first time, find out what makes them special: Just 
circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated pages in our 
May 28, 1987, issue. 


COMMANDS 


TEERERST Se 
BES | FRAME 
| OUTFET 


A PROM PROGRAMMER S| | 
The SE4944 programs PROMs, EPROMs, and SAO 


EEPROMs having capacities of 16k to 1M bytes 
Nig ne A INTEGRATED SOFTWARE 
ar aL ie The Gate Array WorkSystem software integrates 


logic design, circuit simulation, and physical layout 
for creating and implementing circuit designs on gate 
arrays from specific foundries (pg 111). 

Tektronix CAE Systems Div. 
sores scores Circle No 603 


ELECTRICALLY 


ROW- ROW- 
aooress [4 aooness [~~ Eran 
LATCHES DECODE 


ARRAY 


LATCH ENABLE 
“a WRITE/ERASE ENABLE a 
CONTROL LATCH ENABLE INPUT-DATA 
LATCHES 


LATCH ENABLE a 
CONTROL CONTROL 
Ss Be oo 


A CMOS EEPROMs 


The 38C16 and 38C32 2kx8-bit and 
4k x8-bit high-speed CMOS 
EEPROMs operate at 35 nsec 
while consuming 350 mW (pg 116). 4 WINCHESTER DRIVE 
Seeq Technology Inc. The LXT-170 stores 170M bytes of 
Circle No 601 unformatted data in a standard 
3%-in. package and offers a choice 


of SCSI- or ESDI-interface ver- A MOTION CONTROLLER 


sions (pg 119). Units in the -10 Series of servo 
Maxtor Corp. motor controllers feature a digital 
Circle No 602 integrator, programmable torque 


and error limits, a position latch, 
and diagnostics (pg 260). 

Galil Motion Control Inc. 
Circle No 604 
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High density variable arrays with performance and 
quality you've never seen before. 


For dazzling results with your design 
applications, make the brilliant 

choice of the latest advance in variable 
arrays from Data Display Products. 

As direct replacements for the 

Dialight 551 PCB series, they introduce 
a new performance standard that 

you can expect from the world leader 
in high-efficiency LEDs. 

Choose from a shining selection of 
Standard to high intensity LEDs in 
sizes of 1 to 8 modules with 2.4, 5 and 
12 volt operation... all with availability 
guaranteed. 

You'll clearly see the difference in 
precision alignment, easy handling 


features, high quality and long lasting 
reliability. 

Make the brilliant choice. Call Data 
Display, TOLL FREE (800) 421-6815. 
Within California, call (213) 640-0442. 
Also ask about our new line of 
bi-color LEDs. 

send for our free catalog. 


DATA 
DISPLAY 
PRODUCTS 


301 Coral Circle, El Segundo, California 90245 
(213) 640-0442 TELEX 664-690 
FAX (213) 640-7639 


INTERNATIONAL REPS: Argentina YEL SRL, PH: 541 46 2211, TLX: 390 18605 —Australia Ampec, PH: 02 7122466, TLX: 790 27136 AMPEC —Belgium/Hol- 
land Klaasing Elc, PH: 01620 81600, TLX: 844 54598 KLBDNL — Denmark Radio Parts, PH: 01 333311, TLX: 855 19613 RPARTDK— France A Jahnichen, PH: 387 
59 09, TLX: 842290714 —Israel R.C.M. Computers, PH: 03 485192, TLX: 922 361580 IL—lItaly Microdata, PH: 0187 988182, TLX: 8432 72070— South Africa 

Liberty Elec., PH: 52 7637/8/9, TLX: 960 429435 SA— Spain Betatron, PH: 6932421, TLX: 831 23911 PCOE—United Kingdom Marl Int'l, PH: 0229 52430, TLX: 
851 65100 MARLG — West Germany/Austria Kuhn GmbH, PH: 06235 5662, TLX: 841 464766 KUHND 
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EDN INFO CARDS 


The Fastest, Most Cost-Effective Way 
to Generate Sales Leads! 


Today's best sourcebook on a 
optoelectronic components Is Y surs. 
From iREDs to reflective assemblies vidtary devices ¢ 

swatches. The OF a 


Book has tall. Al ? 337* # 
, U ro 


erat it today 08 
iyhiape mail now fir you! TRW Optosie 


sot thes card an 


ERS: 


Name 


pacers 


tomy 


Address ___. 


acturers including Ac 
Mata Prancc. 2 OUdING Ascheros 
Ms non fe Hitachi Mikron: : 
INN and vai” # « HaHsSmahin Vall: . 
EMaN, anci Yokogawa. to name afew os 


solid 
g ecw 


a Bis ‘ : A -k ASI ae Sone : 


ens 


gic Hanies 


aa- Te ne .& 


Sy sens 


BRR NEF 


“= Laboratory 
RAlary 
GESTS 


int — 
Piease send whe 
- get DISK 


MAM ee 
= ee ee ; toate Gc: : 
CO ini 


Siege 


aa With EDN Info Cards, you can turn a small investment into high- 
quality sales leads. 


Issued six times per year in loose-deck packs, EDN Info Cards are 
delivered to EDN magazine’s U.S. circulation of 121,500 specifiers 
and buyers. Which means they deliver results! In fact, the average 
card in a deck pulls literally hundreds of prospects. 


You'll enjoy this steady, dependable source of qualified leads for less 
than 142¢ per name. And because all inquiries come directly back to 
you, the faster you respond, the faster you get results. 

Used as an adjunct to an advertising /promotion campaign or all by 
themselves, EDN Info Cards will generate the qualified leads you 
need to sell your products. 


For further information, contact Lauren Fox, EDN Info Cards 
Manager, at (203) 328-2580. 
“Numbers represent actual responses. 
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The smart 
cope 


With Philips smart new PM 3050 
family, there is now anew standard in 
50 MHz oscilloscopes, andit’s smart in 
every way. 
m= Ease of Use with an innovative, 
logically layed-out front panel, plus 
AUTO-SET facility and a unique LCD 
panel for instant, optimal signal set- 
ting, clear display of all signal para- 
meters, and positive elimination of 
operator eITOrs. 
= HighPerformance with features like 
an advanced l6kv CRT, versatile tng- 
gering functions up to 100 MHz and 
optimal IEEE488 compatibility. 
= Value with a level of technology, 
plug-in modularity and IC micro- 
electronics never before seen in its 
$1245 (PM3050) to $1345 (PM3055) 
price range. 


= Product Credibility in technology, 
technique, quality and service be- 
cause the PM 3050 family is backed 
by the resources of one of the world's 
largest electronics companies. 


ere —— aaa 7 , ‘‘Philips - the fastest growing force 
Co ee in oscilloscopes, logic analyzers, 
-_ waveform analyzers, signal sources, 
counters/timers, digital multi- 
meters, and systems/IEEE instru- 
ments. Philips products are also 
available for lease through United 
States Instrument Rentals, Inc.”’ 


Philips Test & Measuring Instruments, Inc. 
85 McKee Drive, Mahwah, New Jersey 07430 
(201) 529-3800 TWX: 710 988-5348. 

For the Philips Sales Office or Representative 
nearest you call Toll Free 800-631-7172 


pHitips| lest & (i ; Li DS 
easurement 
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LEADTIME INDEX 


Percentage of respondents 


/ % 
A AM FS 
we wr CA SEAS 
*%%e% % % 1% 
ITEM % % 6.3 &. 6 oF. e 
TRANSFORMERS | 
Toroidal 0 2 5 4 © +O 8 95 
Pot-Core 0 50 8% 17 0 oO 68 88 
Laminate (power) 0 2° 8 34 §@ =o FF 71 
CONNECTORS | 
Military panel 0 20 40 0 6 40 62 107 
Flat/Cable 2 33 #7 0 0 O 4 57 
Multipin circular 2 0 . 
0 - 

RF/Coaxial 0 0 Ff 
Terminal blocks 3 | 0 Oo & 
Edge card fi #33 45 1 #26 Oo 68 66 
Subminiature 0 42 % 17 +8 iO 8& 82 
Rack & panel 6 50 38 17 +O O 68 77 
Power 0 3 4% 33 +80 oO 68 84 
PRINTED CIRCUIT BOARDS | 
Single-sided 7 2 & 7 © 7 88 51 
Double-sided 0 47 & 6&6 © O 68 67 
Multilayer © 6 54 31 #60 O 85 87 
Prototype 0 8 Ff 0 9 o 88 38 
RESISTORS _ 7 
Carbon film 31 25 38 oO 47 36 
Carbon composition cS a oO 37 49 


Metal film 20 33 «O47 
Metal oxide 


Wirewound 


8 
a 
Potentiometers 6 38 50 


Networks 


6 36 4 #0 6 oO 47 36 
SWITCHES | 
Pushbutton 33 1 45 «11 0 0 56 49 
Rotary 6 2 & 18 =O O 68 77 
Rocker 9 4 @ 1% © O 64 65 
Thumbwheel 20. 20 386 30 8 O Ff 72 
Snap action 9 4 27 18 © O 64 56 
Momentary 0 oO 67 
Dual in-line 0 Oo} 


WIRE AND CABLE 


Coaxial 
Flat ribbon 
Multiconductor 


Hookup 2 / a 
Wire wrap we 46 6 o 8G oO 43 3.8 
Power cords 21 29 36 14 0 O 8 51 
POWER SUPPLIES 

Switching 9 ae 8627 0 


Linear 0 25 
CIRCUIT BREAKERS 


HEAT SINKS 


RELAYS 


General purpose 


PC board 
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ITEM 


RELAYS 
Dry reed 


Mercury 
Solid state 


DISCRETE SEMICONDUCTORS 
Diode 2 


Thyristor 

Small signal transistor 
MOSFET 

Power, bipolar 


Communication/Circuit 
OP amplifier 
Voltage regulator 


MEMORY CIRCUITS | - | 
SEs 7  o 8 56 0 
RAM 64k pee _— — 
RAM 256k 

RAM 1M-bit 

ROM/PROM 

EPROM 64k 

EPROM 256k 

EPROM 1M-bit 

EEPROM 16k 

EEPROM 64k 

DISPLAYS 

Panel meters 

Fluorescent 

Incandescent 


Liquid crystal 2. 
MICROPROCESSOR ICs 


FUNCTION PACKAGES 
Amplifier 

Converter, analog to digital 
Converter, digital to analog 


LINE FILTERS 


10.9 


CAPACITORS 
Ceramic monolithic 
Ceramic disc 
Film 
Aluminum Electrolytic 
Tantalum 


INDUCTORS 


Source: Electronics Purchasing magazine's survey of buyers 
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The HP 8175A is a great 
stimulus companion to 
logic analyzers used in 
response testing. 


You spend a lot of time 
evaluating response instruments. 
What if you had a stimulus that 
measured up to your response? 

Now you do. 

The HP 8175A Signal 
Generator produces thousands of 
digital and analog signals, letting 
you emulate missing portions of 
your system. ..and test your design 
under many different operating 
conditions. 

It’s an advanced parallel and 
serial data generator that doubles 
as an analog dual arbitrary wave- 
form generator. 

You get 24 parallel channels 
at 50 Mbits/s. 2 serial channels at 
100 Mbits/s. 2 analog channels 
at 50 Mbits/s. Plus an 8-bit input 


trigger and 8-bit output flags for 
easy interaction with your DUT. 
Prompts to guide you. Data editing 
capabilities to save you time. 
And more. 

Just pair up the new 
HP 8175A Signal Generator with 
the HP 1630/31 Logic Analyzer 
or other response instrument. You'll 
have a powerful stimulus-response 
solution to make you more produc- 
tive today and meet your test needs 
tomorrow as well. 


Call HP today! 


Add a great stimulus to your 
test setup. For more information on 
the HP 8175A, contact your local 
HP sales office listed in the telephone 
directory white pages. Ask for the 
electronic instruments department. 


HEWLETT 
hp PACKARD 


CIRCLE NO 8 


Now, a stimulus as 
ood as your response! 


y HP-IB » 


SYSTEMS 


HP-IB: Not just IEEE-488, but the 
hardware, documentation and 
support that delivers the shortest 
path to a measurement system. 


115704 


Electronic 
American Electronics Association and Business present: 


Japam lklectromics: 
A Business and Technology Update 


he Japan Electronics seminar on October 7 in DATE: CO-SPONSORS: 
Osaka is designed to help European and U.S. October 7, 1987 AEA and 
executives seek out new business opportunities in In conjunction with the Electronic Business 
Japan. The day-long seminar, which will coincide sepa eclenesnae ' ees 
. , n cooperation with: 
with the Japan Electronics Show, has been struc- LOCATION: RAI Gebouw bv of Holland 
tured to provide attendees with a statistical over- Royal Hotel U.S. Electronics Industry 
view of the Japanese electronics industry, as well Osaka, Japan Japan Office 
as a preview of upcoming technological trends. aie mies show 
The seminar is intended both as an introduction SEMINAR FEE: ea cearber si 
to Japan for first-time visitors as well as an update $350 Commerce and Industry 
of Japanese business and technology for seasoned EDN magazine 
travelers in the Far East. If you buy from, compete OFFICIAL Elektronica of Holland 
with, or sell to Japanese electronics companies, this | | LANGUAGE: Plesman Publications of 
ae English Canada 
seminar is for you. g 
CONFIRMED SPEAKERS: 
Kaoro Kubo, vice president and general manager of NTT Stephen Donovan, representative director of Monolithic 
International. ““The Japanese telecommunications industry: Memories K.K. “Selling niche products in Japan” 
Opportunities for foreign suppliers” Shohei Kurita, Tokyo editor for Electronic Business, author. 
Kazuhiko Kobayashi, manager of the Systems Engineering “The Fifth Generation Computer Project” 
Division of Hitachi Ltd. “Factory automation in the Japanese Gene Norrett, vice president and director of the Semiconductor 
computer industry” Industry Group, Dataquest Inc. “Electronics trends among countries 
Hiroshi Komiya, head of the Saijou Works, Mitsubishi Electric on the Pacific Rim” 
Corp. “Manufacturing technology in the semiconductor industry” Alberto Socolovsky, associate publisher and editorial 
Bill Totten, president of Ashisuto K.K. “The Japanese market for director of Electronic Business. “Structural differences between 
U.S. and European software” the U.S. and Japanese electronics industries” 


David H. Johnson, senior manager for Network Systems Sales, 
AT&T International. “Opportunities for U.S. communications 
manufacturers in Japan” 

Dinker Bir, vice president of technology at Northern Telecom Nobuyoshi Yokobori, manager of the R&D Planning 
Japan Inc. “Trends in telecommunications” Office, Corporate Engineering Division, Matsushita Electric 
Industrial Co. Ltd. 


Speaking on “Trends in consumer electronics”’: 


Pat O’ Malley, strategic marketing director for the Semiconductor 


Sector at Nippon Motorola Ltd. “The Japanese semiconductor Masaru Yamano, executive vice president, Sanyo 

market’”’ Electric Co; Ltd. 

Gen Narui, regional manager for Educational Services at Nihon Tadashi Sasaki, corporate management advisor, Sharp Corp. 
Digital Equipment Corp. “Recent developments in artificial Nobuo Tateishi, executive vice president, Omron Tateishi 
intelligence at DEC” Electronics Corp. 


REGISTRATION FORM Please return your registration to: 


IN U.S.A.: IN JAPAN: 
NAME Ms. Florence Lewis Mr. Steve Weiner 

American Electronics Assoc. U.S. Electronics Office 
COMPAN Y 5201 Great American Parkway Kioicho Nanbu Bldg., 3F 
ADDRESS Santa Clara, Calif. 95054 3-3 Kioicho, 


Tel: (408) 987-4200 Chiyoda-Ku, Tokyo 
STATE IN CANADA: Tel: (03) 237-7195 


Ms. Sharon Raspin IN HOLLAND: 
a one Plesman Publications Nippon Express Nederland bv 
NUMBER TO ATTEND __CC‘C‘CCC“‘E’TSOC2: Lanning Square, #703 Parnassutoren Locatellikada 1 
Willowdale, ON. M2J S5A1 1076 AZ Amsterdam 
| ] PAYMENT ENCLOSED EDN os06s7 _—Tel: (416) 497-9562 Tel: (020) 79 27 77 


"TM A TRUE BELIEVER 
IN THE POWER 
OF EDN MAGAZINE. 


Robert E. Sanders 
Manager, Marketing Communications 
Rogers Corporation 


Bob Sanders is a pro at marketing materials and 
components for Rogers Corporation, a worldwide leader 
with divisions from Connecticut to Arizona. To do the 
best job, he uses EDN magazine. 


How come? 


“EDN never fails for us. The magazine is targeted to 
markets we want to reach, like industrial controls and 
telecommunications. The result is unsurpassed inquiries 
for sales lead follow-up.” 


Sanders has seen it time and 
again. That’s why EDN mag- 
azine makes his schedule 
every time. “We've advertised 
in EDN for well over a 
decade, and whether our 
budget is large, medium or 
rather small, EDN magazine 
is consistently right there 
pulling for us.” 
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Advertising in EDN magazine works for 
Rogers Corporation. It can work for you. 


Where Advertising Works 


PC-based GPIB control 


and data-acquisition 


TEK MI5010 Multifunction Interface System 


Powerful hardware and 
software tools make it 
easy for you to control 
a set of IEE E-188 
instruments with a 
personal computer. 
(Photo courtesy 
National Instruments) 


at sateen oe: 
vert eae se 


ophisticated PC-based 

hardware and software 
tools are now blurring the dis- 
tinctions between instrument con- 
trol and data acquisition. You can 
use these tools to turn your 
IEEE-488 instruments into a 
data-acquisition system that you 
control from your PC. 

IEEE-488 instruments and PC- 


based data-acquisition systems 
have traditionally provided very 
different services. The IEEE-488 
or GPIB (general-purpose inter- 
face bus), which has long been 
recognized as the premier instru- 
mentation bus, provides for the 
transfer of digital data among as 
many as 14 programmable instru- 
ments by using standardized sig- 


JD Mosley, Regional Editor 


products 


With a well-planned combination of hardware and software 
tools for your personal computer, you can turn your set of 
IEEE-488 (GPIB) instruments into a PC-controlled data-ac- 
quisition system. To select the right PC-to-GPIB interface for 
your project, you’ll need to consider such factors as controller 
intelligence, software sophistication, and system performance. 


hniques, and a single in- 
0 the party-line GPIB. 
ba ata-acqu lisition sys- 
. tems provide signal conditioning, 
_ A/D and D/A conversion, real- 
| time data monitoring, and multi- 
inputs ine as | 


ny as 32 oa | 
} | | ‘But some of the available soft- 


can provide you with more than 
rudimentary signal conditioning. 
Of course, for applications requir- 
ing 16-bit-wide DMA (direct- 
memory-access) transfers or 32 
I/O lines, you'll still need to use 
dedicated data-acquisition boards. 


il ware products are sophisticated 


software eels ee your PC, you. 
ean integrate GPIB instrumenta- 
tion control with a PC-based 
 data-acquisition system. Your sys- 
tem thus becomes a multipro- 
SS gramming environment that lets 


you perfo sophisticated test 
and mez vent tasks. For in- 


I | oratory-grade i in- 
struments will be able to provide 
- precise measurements in the pico- 
ampere and microvolt range, as 
well as 24-bit A/D 


/D resolution and 
high-speed transient measure- 
_ ments that are accurate to eight 


| bits at 1 MHz. Also, by using an 


_ JEEE-488 interface to control the 
_ instruments via ; a desktop PC, 
So you'll obtain additional data-stor- 
age and -analysis capabilities that 
- naturally complement any test 

/ and measurement task. 
Further, the manufacturers of 
these hardware and software 

_ products have recently developed 
_ tools that allow you to use the 
_ JEEE-488 link for more than just 
controlling instruments. Some of 
: — Zee introduced ase 


- - enough that they can treat the 
- input from multiple IEEE-488 


boards as separate channels and 
can even provide different scale 
factors, sampling rates, and trig- 
gering conditions for each. 


Windows simplify control 
- One such software product is 
LabWindows, which National In- 
struments expects to release in 
September. LabWindows lets you 
interactively control instruments, 
develop applications, and edit in- 
strument-library modules. The 
product actually gives you several 
libraries: a graphics library, a 
digital-signal-processing (DSP) li- 
brary, an instrument library, and 
a data-formatting library. Lab- 
Windows uses a proprietary in- 
ternal format for command inter- 
pretation, but it displays the 
commands on your PC’s CRT in 
the syntax of either C or Basic. 
LabWindows can also generate 
source code in C or Basic from 
your interactive session for incor- 
poration in an application program. 
You develop a program by enter- 
ing the LabWindows program win- 
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dow, typing in program lines, and 
selectively executing them. You can 
also invoke pull-down menus and 
select library functions and param- 
eters to generate a sequence of 
code that you can add to the pro- 
gram window. The instrument li- 
brary lets you perform high-level 
programming of GPIB instru- 
ments. You can create and test an 
instrument-control program with- 
out knowing specific details of the 
instrument or of GPIB program- 
ming. A window can mimic a GPIB 
instrument’s front panel with slide 
controls, binary controls, numeric- 
input boxes, and string-input 
boxes. By moving switches with 
the cursor keys or mouse, or by 
entering values in the numeric or 
string boxes, you can set up an 
instrument and manipulate its con- 
trols. 

The LabWindows graphics li- 
brary lets you produce a variety of 
graphs, plots, and charts. It allows 
you to zoom and pan and to super- 
impose graphs on one another. You 
can scale and rotate text generated 
with multiple fonts and create 
printouts without leaving your ap- 
plication program. 

The DSP library includes such 
functions as array arithmetic, 
curve fitting, scaling, FFTs, and 
96 


inverse FFTs. By using Lab- 
Windows’ data-formatting library, 
you can transform data from one 
format to another, thus reducing 
the programming time for instru- 
ments that transfer data in pecu- 
liar formats. The software package 
also lets you call libraries from 
QuickBasic and Microsoft C. 
LabWindows starts at $395. 

Another product that provides 
IEEE-488 control via software 
windows is Summation’s Test- 
Windows. Although the Test- 
Windows software is a DOS-based 
ATE program, in order to use it 
you must also purchase the compa- 
ny’s SigmaSeries TestStation and 
connect it to your PC. The Test- 
Station is a $9950 chassis with an 
embedded 68000 P for internal 
control, 512k bytes of RAM, 12 
slots for instrumentation-function 
modules, an IFEE-488 interface 
with DMA, seven synchronization 
buses, 10 high-frequency buses, a 
power supply, DOS, and 
TestWindows. TestWindows alone 
costs $1950 and includes the Test- 
Basic programming language, Mi- 
crosoft Windows software, Test- 
Basic Editor, an IEEE-488 
window generator, debugging 
tools, documentation tools, and 
manuals. 


Unlike IEEE-488 cards that plug directly 
into your PC, Keithley Instruments’ 500- 
IEEE card plugs into the System 570 data- 
acquisition unit. This configuration facili- 
tates the integration of instrument control 
with data acquisition without monopolizing 


multiple expansion slots in your computer. 


A unique approach to GPIB con- 
trol is to use a DOS-installable de- 
vice driver that automatically loads 
your IEEE-488 control software 
each time you boot your PC. By 
using this technique, IOtech’s 
Driver488 software functions as a 
utility. The technique also provides 
software compatibility with Basic, 
C, and Fortran, so when you use 
Driver488 you don’t need separate 
device drivers for those languages. 
For applications written in Basic, 
Driver488 allows your program to 
vector to a subroutine upon a serv- 
ice request. 

Driver488 uses a proprietary 
language that resembles the lan- 
guage used for HP Series 80 
IKEE-488 controllers. Driver488 
includes built-in error checking 
and time-out indications. The soft- 
ware works with the manufactur- 
er’s GPIB interface boards for 
IBM PC-compatible computers and 
for similar boards manufactured by 
National Instruments and Capital 
Equipment Corp. You can also 
order a version for use with the 
company’s Personal488/2, a new 
board for the IBM Personal Sys- 
tem/2. Driver488 starts at $195. 

Ziatech Corp also offers DOS- 
installable driver software for its 
GPIB controller cards. The driver 

EDN August 6, 1987 


Advancements in hardware and software products for the [EEE-488 bus are 
pushing GPIB control beyond the realm of mere instrumentation. 


is called DOS.GPIB, and it gives 
your existing development tools 
and applications programs access 
to your IEEE-488 controllers with- 
out the need for additional pro- 
gramming. You can configure 
DOS.GPIB as a controller or as a 
talker/listener. DOS.GPIB costs 
$250; the company requires no li- 
censing fees for multiple-system 
users. 


Database organizes input 


The latest software package 
from HP for IEEE-488 data man- 
agement is especially suited to 
HP’s hardware products, such as 
the HP Vectra PC, which comes 
with an IEEE-488 interface for in- 
strument control. The $1450 
DACQ/PC program provides a 
vectorized database for data col- 


Featuring a screen full of application win- 
dows, the SigmaSeries TestStation from 
Summation provides an integrated multi- 
tasking environment that supplies IEEE -488 
device windows, a TestBasic editor window, a 
debugging window, and output windows. 


The GPIB-PCII interface for the new IBM 


Personal System/2 Model 30 (which 1s com- 


patible with the IBM PC) specs data-transfer 


speeds exceeding 300k bytes/sec. The vendor, 


National Instruments, expects to offer ver- 
sions for the PS/2 Models 50, 60, and 80 in 


September. 
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lected from IEEE-488 instru- 
ments, your computer’s keyboard, 
and program results. DACQ/PC ac- 
commodates data-acquisition appli- 
cations by including routines for 
thermocouple, RTD, and thermis- 
tor temperature linearizations. 
DACQ/PC also includes subroutines 
for calculating microstrain from 
strain-gauge cards. 

Furthermore, the software facili- 
tates process control by tuning and 
executing as many as 10 propor- 
tional-integral-derivative (PID) 
loops with one subroutine call. You 
can also use DACQ/PC to schedule 
as many as 99 prioritized tasks, to 
transfer data to other software 
programs (such as Lotus 1-2-3, 
WordStar, or dBaselIII), and to an- 
alyze your data via statistics, scal- 
ing, linearizations, and tabular 


conversions. You can plot your re- 
sults on multiple-trace graphs or 
print them out as strip charts or 
formatted data. 

Lotus Development Corp has in- 
troduced a program called Measure 
that links the GPIB and data-ac- 
quisition functions with spread- 
sheet analysis for technical applica- 
tions. Although the spreadsheet 
was orignially developed for finan- 
cial-analysis applications, its for- 
mat is also suitable for use in tech- 
nical data analysis. Measure runs 
under Lotus 1-2-3, and it provides 
device drivers that let you import 
data directly from your instru- 
ments to a spreadsheet. You can 
then analyze and graphically dis- 
play your data by using Lotus 
1-2-3’s math and graphics func- 
tions. 
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Window-oriented software packages are simplifying test and 
measurement applications by letting engineers momitor several tasks at once. 


The $495 menu-driven program _ tions, facilitate decision making 


uses the Lotus 1-2-3 macro lan- and branching, and provide screen 
guage to capture keystrokes, auto- and window control. 
mate repetitive tasks, and parse DSP Systems bills its DaDisp 


incoming data. If you are an exper- Worksheet program as “the first 
ienced macro-language program- _ technical spreadsheet for digital 
mer, you can provide commands to signal analysis.” Like Measure, 
make the system prompt the user DaDisp is a menu-driven program 
for variables, perform file opera- _ that lets you solve math problems, 


CIEN 


SOLU 


TIONS 


analyze data, perform “what-if” 
manipulations, generate graphs, 
and organize data. However, Da- 
Disp has the sophistication to handle 
signal editing, waveform genera- 
tion, FFT analysis, and peak find- 
ing. Furthermore, this package 
performs real and complex arith- 
metic and carries engineering 
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units through compound calcula- 
tions. 

DaDisp lets you create mutually 
dependent windows depicting 
graphic representations of signal- 
processing functions: When you 
load a new signal, each dependent 
window is automatically updated. 
The software’s pipeline facility lets 
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you run external programs, such 
as IEEE-488 drivers and data-ac- 
quisition software, from within 
DaDisp. The IBM PC-compatible 
version costs $795. You can order 
an interactive DaDisp demo disk 
for $20. 

The IEEE-488 version of Lab- 
tech Notebook from Laboratory 


Technologies Corp also offers a 
spreadsheet format. This $1195 
menu-driven program was original- 
ly developed to work exclusively 
with data-acquisition boards, but 
it’s now compatible with National 
Instruments’ IEEE-488 interface 
board as well. Its functions include 
process control, real-time graphics 
display, time stamping, mathemat- 
ic calculations, and real-time data 
analysis. 

Macmillan Software’s Asyst is a 
4-module software package that 
combines data-acquisition analysis 
and graphing with IEEE-488 sup- 
port. To obtain GPIB control, you 
must purchase Modules 1, 2, and 4 
for $1995. Module 1 provides the 
screen and array editor, graphics 
and windows, and statistical func- 
tions. Module 2 provides data anal- 
ysis, including simultaneous equa- 
tion solutions, FFTs, and 
least-squares approximations. Mod- 
ule 4 incorporates GPIB control 
and offers such complex bus func- 
tions as DMA transfers. You can 
add data-acquisition I/O (Module 8) 
for an additional $200, bringing the 
total cost of the four modules to 
$2195. 


Boards vary in intelligence 


The recent advancements in 
GPIB/data-acquisition products 
aren’t limited to the realm of soft- 
ware. A number of hardware de- 
velopments are also playing a 
major role in bridging the gap be- 
tween data acquisition and GPIB 
instrumentation. Keithley Instru- 
ments’ 500-IEEE card, for exam- 
ple, has an onboard 68000 wP. The 
manufacturer claims that this built- 
in intelligence makes the board 
easy to program: The »P converts 
high-level IEEE-488 commands 
from Keithley’s simplified Soft500 
programming language to GPIB 
protocol and handshaking. 

Instead of requiring the cryptic 
programming codes used by most 
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Many of the GPIB interface cards that fit t into the short slot of an 
IBM PCs chassis offer as many or more features than do their full-size counterparts. 


GPIB interfaces, the 500-IEEE 
card lets you use short, English- 
like commands similar to those 
used for HP Series 80 IEEE-488 


controllers. For example, a 31-line — 


program that polls a digital mul- 
timeter and displays the readings 
can be written in 13 brief lines of 
— Soft500 text for the 500-IEEE. 
The card costs $650, but for PC- 


based control you must plug it into 


Keithley’s System 570 data-acquisi- 
tion unit—a chassis that attaches 
to your IBM PC or compatible 
computer. A complete system—in- 
cluding a System 570 chassis, a 
500-IEEE card, analog I/O, digital 
I/O, 16 control relays, and Soft500 
—costs $2295. | 

Capital Equipment Corp pro- 
vides its 4X 488 multifunction 
board with the capacity for as 
much as 4M bytes of onboard 
RAM. Memory-management soft-. 
ware comes with the board. The 
4488 card also has resident firm- 
ware that provides IEEE-488 ex- — 
tensions to Basic, Pascal, C, and 
Fortran, so you can program in- 
struments without having to add 
software drivers for those lan- 
guages. Besides providing an © 
IEEE-488 interface, the board in- 
cludes an RS-232C (serial) port | 


Providing a full implementation of the IEEE-488 standard on a 
half-slot card, the IEEE-488LM from Scientific Solutions includes 
menu-driven interface software and is compatible with such software 
packages as Measure and asl 
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and a parallel port, so it lets you 


test, store, and print results with- 
out monopolizing numerous expan- 
sion slots in your PC. With 1M 
bytes of RAM, the 4488 costs 
$895. | | 

The 4X488 board works with 
third-party software packages and 
the company’s $95 Co-Operator 


software. Co-Operator is a menu- 


driven program that writes IEEE- 
488 control programs. You can 
order free demo disks for Co-Oper- 


_ ator and Lotus’s Measure from 
Capital Equipment Corp. 


N ational Instruments offers the 
$395 GPIB-PCII and the $795 


GPIB-PCIII interface cards for 
_ PC-compatible computers. The 


PCII interface specs data-transfer 
speeds exceeding 300k bytes/sec. It 
also offers a choice of six interrupt 
lines and a choice of three DMA 
channels. It implements talker, lis- 
tener, polling, service-request, and 
remote-programming functions. _ 
The GPIB-PCIII interface specs 


_1M-byte/sec data-transfer rates 


and includes an onboard IEEE-488 
bus analyzer that monitors the sta- 
tus of your IEEE-488 bus com- 


mand and data lines for debugging 
and loop-back testing. 

For continuous bus analysis, you 
can purchase the company’s $995 
GPIB-410 bus-analyzer/monitor 
card, which displays the bus status 
on the screen with simulated 
LEDs. The GPIB-410 includes a 
256 x 16-bit buffer to capture bus 
data in real time, and it lets you 
store the data in your PC’s memo- 
ry for later review and analysis. 
You can also use the GPIB-410 to 
search for glitches or to find bus- 
timing problems. 


Control on a short card 

If you’re running out of PC ex- 
pansion slots, consider using the 
$355 IEKEE-488LM card from Sci- 
entific Solutions. This half-slot 


board offers a full implementation 


of the IKEE-488 standard and in- 
cludes a 2-meter IEEE-488 cable. 
It comes with menu-driven inter- 
face software (including the source 
code), a BIOS printer/plotter driv- 
er, a Basic subroutine library, and 
sample programs. The board’s 3- 
state buffers facilitate data-trans- 
fer rates reaching 500k bytes/sec 


Once you’ve installed the Driver488 software package i in your PC, 

you never have to load it from disk or reference it in ROM again. A 

DOS-installable device driver automatically loads IOtech’s Driver488 
each time you boot your PC. 
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DM A-transfer rates reaching 1M byte/sec are not 
uncommon in some of today’s sophisticated LEEE-488 controllers. 


for devices with open-collector buf- 
fers and 2M bytes/sec for devices 
with 3-state buffers. An onboard 
oscillator provides the GPIB inter- 
face-timing parameters. You can 
run such third-party programs as 
Measure or Asyst on this board 
without making additional soft- 
ware or hardware modifications. 

Another short-slot card, the 
PC-488 from Capital Equipment 
Corp, comes with resident firm- 
ware that adds IEEE-488 control 
statements to interpreted and com- 
piled Basic, Pascal, C, and For- 
tran. This ROM-resident software 
makes your PC ready to run 
IEEE-488 applications as soon as 
you plug in the board. Your PC 
will also be ready to run word- 
processing and spreadsheet pro- 
grams with IEEE-488 printers and 
plotters. The PC-488 runs Auto- 
CAD in conjunction with HP plot- 
ters. It can transmit and receive 
byte arrays as large as 64k bytes 
each at speeds greater than 800k 
bytes/sec. You can select from sin- 
gle, demand, or burst DMA in ei- 
ther background or foreground 
modes. PC-488 costs $395, includ- 
ing software drivers and a pro- 
gramming and reference manual. 
The optional 8k x8-bit cache RAM 
costs $29. 


Intelligent chassis automates lab 


Containing an internal Z80A pP 
and a unique EPROM-resident 
operating system, the Taurus Lab 
from Taurus Computer Products 
Ine provides IEEE-488 control in 
conjunction with 64 analog and 64 
digital channels for integrated data 
collection and control. This fixed- 
configuration system comes with 
8k bytes of RAM and buffer stor- 
age, so you can adapt the unit for 
your particular process-control and 
data-acquisition tasks. Alternative- 
ly, you can use the Taurus Lab’s 
preprogrammed features and com- 
mands for plug-and-go operation. 
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Providing a »P-controlled IEEE-488 interface to your PC and instruments, this A/D- 
conversion system from Preston Scientific helps you integrate GPIB control with data- 


acquisition tasks. 


As many as 31 Taurus systems can 
communicate with a host computer 
over a single multidrop line. Tau- 
rus command messages include an 
embedded system address that lets 
you direct any command message 
to any of the linked systems. Tau- 
rus Lab sells for $5732. 

Another chassis product comes 
from Preston Scientific. With the 
company’s MPC, an IEEE-488 in- 
terface, you can transmit data to 
and from your PC-compatible com- 
puter, a rack-mountable A/D-con- 
verter chassis, and a variety of 
GPIB-compatible devices. Having 
a maximum DMA-transfer rate of 
300k bytes/sec, a data-acquisition 
system using the MPC can provide 
continuous data throughput at 
speeds reaching 130 kHz and burst 
throughput at speeds reaching 1 
MHz. The MPC software handler 
includes a language interface to in- 
terpretive Basic. You can purchase 
optional language interfaces for 
Fortran, Pascal, Compiled Basic, 
assembly language, and C. De- 
pending on the configuration you 


choose, the MPC system costs 
from $7500 to $20,000. 


GPIB boards for the IBM PS/2 


Besides providing boards that 
are compatible with the IBM PC 
family and its clones, a number of 
hardware vendors offer GPIB 
boards that you can use with 
IBM’s new Personal System/2 com- 
puters. IOtech, for example, re- 
cently introduced the Personal488/ 
2 GPIB interface, which works 
with IBM PS/2 Models 50, 60, and 
80. You can choose from two ver- 
sions of the board: the 250k-byte/ 
sec version, which starts at $500, 
and the 1M-byte/sec version (called 
the Personal488/2A), which costs 
$595. Both boards plug into the 
PS/2 Micro Channel and provide 
interrupt levels, DMA channels, 
and controller/peripheral mode se- 
lection. These boards use no DIP 
switches or Jumpers—you can 
choose from seven interrupt levels, 
15 DMA arbitration levels, and 256 
I/O addresses by means of soft- 
ware control. Alternatively, you 
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SUPERCHARGE WITH SBE's 


Drop SBE’s MPU-20 CPU into your Multibus* I chassis and 
buckle your shoulder harness. Because you're in for one fast ride. 


M6SK10 Sze 
10 MHz - 


M68CPU 
10 MHz 3.0 


MPU-12 
12.5 MHz | a 


MPU-20 
16.7 MHz _ Ba 


MPU-20 : 
20 MHz 0.79 


seconds 0 0.5 1 1.5 2 2.5 3 a9 


The MPU-20 is the only no wait state, 68020-based board 
running at either 16.7 or 20 MHz. And, it’s a field upgrade for the 
68000-based CPU you're using now. Which means you can 
supercharge your existing system. Fast. At a reasonable cost. 

We'll even give you a running start with a free 30 day trial. 
Call us Toll Free. Give us your P.O. number and a credit reference. 
We'll ship you the MPU-20 Starter Kit:*** The MPU-20 CPU board 


SBE, INC. IS A PUBLIC COMPANY TRADED ON THE NASDAQ NATIONAL MARKET SYSTEM ‘MULTIBUS IS A REGISTERED TRADEMARK OF INTEL CORPORATION 
**RUNNING REGULUS (TRADEMARK OF ALCYON CORP.) OPERATING SYSTEM. UNIX (REGISTERED TRADEMARK OF AT&T) SYSTEM V BENCHMARKS ALSO AVAILABLE. 


CIRCLE NO 94 


***SUBJECT TO CREDIT APPROVAL 


32-BiT, 20 MHz MPU-20. 


with 1 Megabyte of RAM, plus PROBUG* software, cabling and 
documentation. ..everything you need to upgrade your 68000- 
based system. At our 100-piece price of $1,950. Complete. 

Install the board in your system and let ’er rip. If the MPU-20 
doesn’t supercharge your system as promised, send it back 
within 30 days and tear up the bill. 

SBE. From CPU's, COM and LAN boards to I/O 
expansion and systems. We've got what it takes t 
make Multibus breathe fire: No-compromise 
boards and systems. 


To Order, or for more information: 


Toll Free: (800) 221-6458 


In California: (800) 328-9900 
In Canada: (514) 445-0898 


SBE we 


MICROCOMPUTER BOARDS AND SYSTEMS . 
2400 Bisso Lane, Concord, CA 94520 
TWX: 910-366-2116 (SBE CNCD) 


GPIB#PC 


lIEEE-488 


Interfaces For 


IBM PC/XT/AT 
and Compatibles 


IBM Personal 
System/2 


Industry standard GPIB software 
for MS DOS and XENIX. 


Co-developer of GPIB support for 
Lotus Measure, ASYST, LABTECH 
NOTEBOOK, and TBASIC, 


Software compatible with our 
family of IEEE-488 interfaces for 
Macintosh, MicroVAX, PDP-11, 
LSI-11, VMEbus, STD Bus, 
MULTIBUS, $-100 Bus, and 

SBX Bus. 


NATIONAL 
INSTRUMENTS 


The Leader in IEEE-488 


12109 Technology Blvd. 
Austin, Texas * 78727-6204 


CALL FOR CATALOG 
800/531-4742 °512/250-9119 
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from Capital Equipment Corp boosts DMA-transfer speed and facilitates advanced program- 


ming applications. 


——_— eee 


can use the company’s $295 
GP488A board to link your PC- 
compatible computer to IEEE-488 
devices. The GP488A, bundled 
with the vendor’s Driver488 soft- 
ware, costs $395. 

National Instruments also offers 
a GPIB interface card for IBM’s 
Micro Channel computers. The 
MC-GPIB board includes an NEC 
wPD7210 wP, which provides 
IEEE-488 talker, listener, and 
controller functions. The board 


_also features a Turbo488 custom 


IC, which provides increased data- 
transfer rates and lower software 
overhead. The board specs pro- 
grammed I/O data rates as high as 
100k bytes/sec. Its FIFO buffers 
boost DMA transfers, allowing 1M- 
byte/sec GPIB reads, 700k-byte/sec 
GPIB writes, and 320k-byte/sec 
GPIB commands. 

The board’s Programmable Op- 
tion Select feature lets you use 
IBM system-configuration utilities 
to select I/O addresses, interrupt 
levels, and DMA channels automat- 
ically, so you don’t need any 
switches or jumpers from the 
board. The MC-GPIB also provides 
extra monitor and control ports for 
board- and bus-level diagnostics. 
For $495, you receive the MC- 


GPIB board and the MS/PC-DOS 
software handler. MS/PC-DOS is a 
device driver that can be installed 
as part of the operating system; it 
provides compatibility with most of 
the popular languages for the PC, 
including Fortran, Basic, C, Pas- 
cal, and assembly language. 

A third company that offers an 
IEEE-488 controller for IBM’s 
Micro Channel computers is 
Ziatech Corp. The firm’s $395 ZT 2 
board uses the same device driver 
(DOS.GPIB) that supports the 
company’s PC-compatible IEEE- 
488 board, so it may be useful to 
engineers who intend to upgrade 
from a PC-based test and measure- 
ment system to one based on an 
IBM PS/2 machine. The ZT 2 fea- 
tures a watchdog timer that alerts 
your system whenever a GPIB de- 
vice doesn’t respond within a pre- 
defined interval, thus preventing 
instrument failure from suspending 
the system’s operation. The ZT 2 
also offers a security option: a 
hardware-based security lock for 
your software applications. EDN 
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MULTII-BUS POWER... 
STD BUS PRICE! 


From $550.00) 


80186 16 BIT MICROPROCESSOR 
SBX CONNECTOR 
SERIAL AND PARALLEL I/O 
SOFTWARE LINKS TO PC 
128 K BYTES EPROM 
512 K BYTES RAM 


Telephone: (415) 962-8237 
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wont do that our 


competitors will. 
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In fact, Plessey’s MV66000 FIFOs 
consume a maximum of 40mA. 
That’s almost half the current of the 
lowest power CMOS FIFO currently 
available. Anywhere. 

And our FIFOs are available now. 
In quantity. (Unlike some of our 
competitors). 

Plessey’s 66000 Series is cascad- 
able to 25MHz. Guaranteed. (That’s 
something our competitors won't do). 

If you should need even higher 
speed operation, Plessey’s 65000 
Series accommodates today’s fastest 
clock rates. (Think in terms of 
40MHz). All without the large 


power requirements of slower NUOS 
and Bipolar FIFOs. 

And Plessey has the only FIFOs 
with extremely low standby currents. 
Our fully static CMOS design means 
that standby currents less than 10mA 
are experienced. Even at 5.5 volts. 


The family 
MV 66000 64x4,5,9 bit FIFOs, 25 MHz 
MV 65000 64x4,5,9 bit FIFOs, 40 MHz 


MV 61900 1Kx9 bit FIFOs, 10 MHz 
Package options include 
ceramic and plastic DIL and LCC. 


© PLESSEY 


Plessey 
FIFOs are pin compatible with 
MMI, Cypress, TRW and others. In 4, 
5 and 9 bit widths. With or without 
3-state outputs. 

So you can replace those power- 
hungry FIFOs with Plessey’s CMOS 
FIFOs. They do everything our com- 
petitors do. For less power. 

Call customer service in Swindon 
(0793) 726666. Fax: (0793) 726666 
Ext. 250. After-hours Fax: (0793) 
729412. Tx: 444410. In the United 
States, call (800) 247-4840 or 

(714) 472-0303. Telex 701464. 
Fax: (714) 770-0627. 


Where great systems come from small packages. 


We also have sales and marketing centers in: BENELUX Brussels Tel: 02 733 9730 Tx: 22100 ITALY Milan Tel: (2) 390044/5 Tx: 331347 
FRANCE Les Ulis Cedex Tel: (1) 64-46-23-45 Tx: 692858F GERMANY (FDR) Munich Tel: 089 23 62-0 Tx: 0522197 
These are supported by agents and distributors in major countries worldwide. 
Plessey and the Plessey symbol are registered trademarks of the Plessey Company plc. 
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Best of all, conductor path distance is consistent between 


* 
all six rows, insuring a uniform impedance control between the 
O] le | le S connector and the printed circuit board. 
The same innovation and quality also is available 
immediately in two and four row connectors, and 


® 
soon, five and seven row 
O le l Cd configurations. 
But if your application 


requires something even more 


unusual, Elfab can 
: custom build to your 
@ specifications. After all, 


The company that pioneered in-house press fit that’s what you'd expect | 
manufacturing for the backplane and connector industry now from the Augat family, where ™ 
offers another unique choice in high density connectors. innovation has always been a tradition. 

A new Six Row High Density 


Double-Din™ developed by Elfab 2 ® 
for backpanel applications is now an 
Augat connector. With 60 contacts 
per linear inch, this new connector 
offers design opportunities 
unheard of until now. 


Imagination begins at 


ELFAB 


Quality and Innovation 


With traditional design : : 
ingenuity, our new surface mount Elfab Corporation 
box connector straddles the board, occupying half 1097 Yates * Lewisville, Texas 75067 * 214/221-8776 
the real estate of conventional connectors. And providing Call toll-free 1-800-527-0753 * In Europe: Elfab Europe, B.V. 
shorter signal paths for better performance under high ¢ Raheen Industrial Estate « Limerick, Ireland * 061/27600 
speed circuit conditions. ¢ Telex: 70150 
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WE PUL 
A GREAT INTERFACE 


As an intelligent interface for small computers, Seagate’s SCSI drives have built-in features that 
SCSI has become a great standard, supporting multiple give your products these advantages: 
peripherals on a single cable. - Superior performance through higher transfer rates. 
Seagate supports that standard with the widest - Greater system throughput with overlapped 
variety of SCSI hard disc drives available: 342" and operations, low command overhead and defect 
0/4". Half-heights and full-heights. With capacities management that is automatic and transparent. 
from 20 to 160 MB. - Improved data integrity with enhanced recovery 
techniques. 
ST4077N 


ST4096N ST225N ST 138N ST157N 


108 EDN August 6, 1987 


WHERE TT DOES 


THE MOST GOOD, 


- Superior reliability due to fewer cables, connectors Customers have come to expect this attention to 
and components. performance, quality and reliability from Seagate. 

- Increased flexibility with a choice of command That’s why they've bought more than 6 million of our 
sets: common (CCS) or customer-defined. hard disc drives. 

- Direct hardware connections to computers with If you want to put great drives with a great interface 
built-in SCSI ports. in your system, call us. 800-468-DISC. 


- Simple PC installation with our STOl host adaptor. — Or write: Seagate Technology, 920 Disc Drive, 
Scotts Valley, CA 95066. 


ST 251N ST277N ST4144N ST4192N 


SS Seagate 


The first name in disc drives. 
EDN August 6, 1987 CIRCLE NO 15 109 


The future: interconnec 
components designed 
manufactured, fabricated 


and tested under one roof. 
Here now, at Hughes. 


One-roof capability means you can expect higher 
reliability, lower cost and faster response for your 
aerospace/mil applications. 

We provide system support in the integration 
of connectors and boards, cables or other subassem- 
blies, including black boxes. And we're doing it now, 
not waiting for the future. 

Our engineers simplify tough problems. But just 
because we're problem-solvers doesn't mean we 
ignore ordinary connectors or flex circuitry. 

We manufacture everything from PCs to fiber 


optics to umbilicals. Rectangular, circular, off-the-shelf 


or specials. 
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Flexible or rigid flex circuitry? We practically 
invented it. We'll manufacture to your specs or design 
it to your requirements. We'll even assemble Brand X 
connectors and our flex. 

So whether your interconnection requirements 
are simple or sophisticated, give us a call. We can 
make the future work for you today. 


For more information, call Mike Howett, 
714-660-5702. In England 
call Hugh Mcinally, 

0932 47262. 


HUGHES 


AIRCRAFT COMPANY 


CONNECTING DEVICES DIVISION 
Industrial Electronics Group 
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EDN’s DSP Project—Part 1 


Digital signal 
processing enters 
the mainstream 


Digital signal processing is finding use in products 
that don’t involve such traditional applications as 
radar. And the chips in general are faster, cheaper, 
and even easier to use. DSP IC's are popping up in 
systems that address everything from the more con- 
ventional filtering applications to some less tradition- 
al ones like financial-modeling and servo-control ap- 
plications. This first in a 4-part series reviews some 
basics and brings you up to date on digital-signal- 
processing products. 


Jim Wiegand, Associate Editor 


The strengths of the DSP approach to signal manipula- 
tion and analysis—extremely stable specs over temper- 
ature and time, and extreme flexibility—together with 
advances in operating speed, have made DSP a central 
player in areas where analog signal processing has long 
dominated. Although no one is willing to predict that 
DSP might replace analog signal processing the way 
digital computers have displaced analog computers, the 
quality and pervasiveness of digital products, such as 
compact disks, digital audio tape, and digital radio 
broadcast equipment, indicate that DSP is here to stay. 

This, the first of a 4-part series EDN is devoting to 
DSP, briefly reviews the basics of DSP and gives you an 
update of the products available. David Shear’s 2-part 
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contribution will start with an article on the tools that 
can ease your implementation of a DSP design. David 
will follow that with a hands-on article, in which he will 
take you from conceptualization to finished product. 
Bob Cushman’s directory of DSP products will conclude 
the series. Similar to EDN’s pP directory, the DSP 
directory will provide you with a concise aid in the 
selection of DSP products. 

DSP noise-reduction techniques provide audio/visual 
products with unmatched signal purity and dynamic 
range. And so it’s unlikely that consumers will be 
trading in their CD players for a purely analog playback 
system. But other less traditional areas are beginning 
to use DSP techniques as well. DSP’s promise now 
extends to the financial world, for example. Wall 
Street’s traditional reliance on experience and intuition 
is giving way to increasing dependence on algorithms 
and computers, and this newfound trust seems to be 
creating a niche for DSP. The day when you can convert 
stock and commodity data into a financial model and 
then apply pattern-recognition techniques to predict 
market trends isn’t too far away. This application is 
quite different from the siesmology, medical imaging, 
and radar applications that have been the mainstay of 
image processing. 

Filling the gap between general-purpose »Ps and 
bit-slice DSP products, the monolithic DSP chip pro- 
vides you with the same flexibility afforded by a gener- 
al-purpose P along with an instruction set and archi- 
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DSP noise reduction techniques provide au- 
dto/visual products with unmatched signal 
purity and dynamic range. 


tecture that are optimized for the multiply and 
accumulate operations that are characteristic of DSP 
applications. Basically, DSP products fall into three 
categories: special-purpose DSP ICs, general-purpose 
DSP chips, and building-block ICs. Typical of the 
special-purpose ICs is the DSP56200 finite-duration 
impulse-response filter (FIR) IC from Motorola. And 
the Texas Instruments TMS320C30 is a representative 
general-purpose DSP chip. The WS59510 multiplier 
accumulator (MAC) IC from Waferscale Integration 
(Fremont, CA) is a member of the building-block family 
(Ref 1). Table 1 indicates some of the applications and 
corresponding hardware requirements for DSP de- 
signs. 

The $382 (OEM qty) WEDSP16 from AT&T is a 
general-purpose DSP, but this programmable device 
offers above average rates, performing a 16X16-bit 
multiplication and 36-bit accumulation in 75 nsec. You 
can also test a standard set of ALU conditions for 
conditional ALU operations, including branches and 
subroutine calls. The condition tests, branching capabil- 
ity, and subroutine calls allow you to operate the 
processor as a 16- or 32-bit wP for logical and control 
operations in addition to the computationally intensive 
operations. 

The WEDSP16 device contains a data arithmetic 
unit, which performs the signal-processing arithmetic; 
a ROM-address arithmetic unit; a RAM-address arith- 
metic unit; and a 2048x16-bit ROM that contains in- 
structions and fixed data. For variable RAM data, it 
includes a 512 16-bit RAM. The device also has a serial 
I/O unit and a 16-bit parallel I/O unit. In addition, an 
on-chip cache is organized as 15X16 bits. 

The chip includes a 2048 x 16-bit ROM. If you want to 
perform full-speed prototyping, you can replace the 


TABLE 1—COMPONENTS REQUIRED FOR 
"VARIOUS DSP APPLICATIONS 


PPLICATION : 
LOW-FREQUENCY || 
CONTROLLER 
HIGH-SPEED MODEM 

. CANCELER ECHO — 


_ REQUIRED COMPONENTS 
A GENERAL- PURPOSE ee 


a. GENERAL- PURPOSE DSP 
- 13 cs PLUS A SPECIAL- PURPOSE 


a DIGITAL RADIO” = aes GENERAL-PURPOSE PLUS AU 
so | PECIAL-PURPOSE DSP _ 


MULTIPLE. SPECIAL: PURPO: 
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on-chip ROM with as much as 64k 16-bit words of 
off-chip ROM. The off-chip ROM must provide at least a 
50-nsec access time, however. The clock input to the 
chip has a specified range of 37.5 to 1000 nsec for its 
cycle time. The access time for off-chip memory is given 
as twice the cycle time of the input clock minus 25 nsec. 


Use off-chip ROM to modify programs 


You can also use the off-chip ROM to accommodate 
frequently modified programs. The additional circuitry 
required for an off-chip ROM implementation increases 
the per-piece price of your product, but the code, as 
with any pP-based design, often changes frequently 
enough to justify the added cost. So unless you are 
quite certain of your system specifications and the code 
you use to implement the system’s functions, plan on 
using the off-chip ROM. 

The $40 (OEM qty) TMS320C30 is a third-generation 
DSP chip from Texas Instruments. The part can 
achieve 33M flops when operated with a 60-nsec cycle 
time (the manufacturer claims that faster versions will 
be available). The processor incorporates two 1k X32- 
bit single-cycle, dual-access RAM blocks; one 4k x 32-bit 
single-cycle dual-access ROM block; a 64X32-bit in- 
struction cache; and an on-chip DMA controller. 

The TMS320C30’s multiplier operates in either float- 
ing-point or integer mode. In floating-point mode the 
inputs are 32-bit numbers, and the result is a 40-bit 
number that provides room for any growth that might 
occur after several calculations. The integer operands 
are 24-bit numbers, and the result is 32 bits long. You 
can use the part to build a 256-tap FIR filter that 
operates at a sampling rate of greater than 60 kHz or a 
256-tap least-mean-square (lms) adaptive FIR filter 
with a sample rate of more than 20 kHz. The corre- 
sponding floating-point operation requires more time 
for these functions. 


DSP’s a natural for servo control 


As with other DSPs, you needn’t restrict your appli- 
cation of the TMS320C30 exclusively to DSP areas. 
Digital control systems are a natural extension of the 
application of these parts, and DSPs are already used 
as the servo controller in some disk drives. The stability 
over time and temperature is once again the crucial 
asset. 

The high-speed processing that chips such as the $157 
TS68930 from Thomson-Mostek offer also make them 
perfectly suitable for graphics engines. Graphics pro- 
cessors must create and manipulate images that typical- 


EDN August 6, 1987 


WRITE Y_— 


Cee 


READ X 


—— DATA FLOW 


Fig 1—The traditional, Von Neumann ar- 
chitecture of most pPs prevents parallel 
acquisition of data and instructions since 
both data and memory are contained in the 
same memory space. The sequential opera- 
tion of acquiring, multiplying, and storing 
the results of the multiplication of two num- 
bers is illustrated here. 


_ INSTRUCTION : 
FETCHES 


TIME 


INSTRUCTION FETCHES. 


Fig 2—A Harvard-type architecture allows 
a pP to fetch data and instructions in 
parallel. Beginning with the point where 
microinstruction READ C and data X are 
fetched in parallel, the multiplication opera- 
tion of Fig 1 is executed in parallel, using the 
Harvard architecture. 
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ly consist of 1kx1kx8 bits. And an image-rotation 
operation requires repeated multiplication and addition 
computations that must be performed on all one million 
bytes contained in such an image. Multiplications and 
additions are, of course, a forte of DSP chips. 

The TS68930 incorporates the Harvard architecture, 
which is common to most DSP processors. By separat- 
ing instruction and data memory, the Harvard architec- 
ture allows processors to fetch instructions and data 
simultaneously. All general-purpose ~Ps employ a Von 
Neumann architecture, in which instructions and data 
are located in the same memory space. During the first 
clock cycle of an instruction’s execution, the »P fetches 
the instruction, and then it fetches the data. Fig 1 
illustrates the sequential nature of the instruction exe- 
cution associated with the Von Neumann architecture. 
The Harvard processor, as illustrated in Fig 2, can 
fetch data and instructions simultaneously. By fetching 
instructions and data at the same time, the »P operates 
much faster than a Von Neumann pP. 

One limitation of many Harvard processors, however, 
involves the bus structure. With two buses, simultane- 
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~ TIME 


_ DATAFLOW | Fig 3—An enhancement to the Harvard 
. architecture, three parallel buses, allows a 
wP to fetch two operands simultaneously, but 
the ~P’s operation depends upon the execu- 
tion speed of the multiplier. 


2 7 EAD BUS 2 _ 
MULTIPLY 1ST STAGE ) DATA FLOW _ 

"MULTIPLY 2ND STAGE 

i  WRITESUS 


Fig 4—A parallel architecture can take 
advantage of pipeline techniques. In this 
example, operands for the third multiplica- 
tion in a series are fetched at the same time 
as the results of the first multiplication are 
stored. 


ous fetching is possible, but an extra bus cycle must be 
devoted to storing results. A processor that has three 
buses, one for each operand and one for results, bene- 
fits most from the Harvard architecture. Fig 3 illus- 
trates the advantages of a 3-bus Harvard architecture. 
By including pipelined operation, a wP can realize 
further improvements in throughput (Fig 4). To sup- 
port the Harvard architecture, the TS68930 has three 
pipelined buses and 32-bit instructions. All these fea- 
tures combine to produce a performance level of 6.25 
MIPS, which means the chip completes a 1024-point 
complex FFT in 9.65 msec. 

The $100 DSP320EE12 from General Instrument 
Microelectronics adds a new twist to the DSP product 
line-up by incorporating 2.5k words of on-chip 
EEPROM. The EEPROM lets you design systems that 
monitor signals, interpret previously digitized inputs, 
and then adjust on-chip parameters to fine-tune your 
system’s performance. The internal EEPROMs high- 
voltage programming supply is also included on the 
chip, so you don’t need to include an external one. If you 
elect to reprogram the part during program execution, 
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DSP products fall into three categories: spe- 
cial-purpose DSP ICs, general-purpose 
DSP ICs, and building-block ICs. 


keep in mind that the pP remains in Halt mode when 
reprogramming is taking place. The EEPROM requires 
1029 cycles (50 psec at the maximum clock rate) to 
reprogram each word. The DSP320EE12 chip is pin- 
for-pin compatible with the TM32010 DSP chip from 
TT. 


Tight code makes a comeback 


Because it has an on-chip 16X24-bit instruction 
cache, the $337 ADSP2100 from Analog Devices can 
maintain maximum performance rates by matching 
instruction-fetch times with data-access times. If you 
can confine your code to the on-chip 16kx24 bits of 
program memory, then instruction access is as fast as 
data access, and you won’t need the cache. DSP pro- 
cessors, because they are optimized for operation from 
on-chip memory, bring back what has recently been an 
outdated requirement: tight code. The advent of cheap 
memory obviated tight code, but you'll need to write 
tight code again if you use chips like the ADSP2100 
because on-chip memory is strictly limited. 

Of course, another approach to avoiding the speed 
penalty of using off-chip memory is to provide more 
memory on the chip. The $250 M6992 DSP processor 
from Oki includes 64k words of instruction memory on 
the chip. The part performs 20M flops and maintains 
480 dB of dynamic range. It formats the data as a 16-bit 
mantissa and a 6-bit exponent. Although its 22-bit 
floating-point operations don’t conform to 32-bit float- 
ing-point standards, the manufacturer claims that the 
extra resolution provided by 32-bit floating-point pro- 
cessors 1s wasted in 90% of all applications. 


Adapt, adopt, improve 

Adaptive filters form a distinct class of filters. Often 
used to provide echo cancellation in teleeommunications 
applications, these filters have two inputs that are 
correlated to produce an error signal. The error signal 
is then used through feedback techniques to adapt the 
filter to signal conditions. The signal of one input 
passes through a filter that varies its parameters in 
order to estimate the ideal of the second input. An 
external processor or the filter itself varies the filter 
parameters until the parameters converge. At that 
point, the output, which is the error signal, is mini- 
mized. 

The $100 DSP56200 from Motorola is a FIR-filter 
chip and, as is common in adaptive filters, it is based on 
the Ims algorithm. The algorithm is implemented in 
silicon, so you don’t have to write the software. You can 
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 error-voltage equation, you can 
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digitizer. If you have a 2-bit 
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The inherent stability and extreme flexibil- 
ity of DSP, together with advances in IC 
technology, have made it an active player 
in the signal processing arena. 


cascade these devices to increase the basic 256 taps or 
to increase the throughput of the filter. The chip 
provides a serial cascade interface that lets you cascade 
DSPs without using extra circuitry. For example, you 
can cascade 16 of these chips to fabricate a 4096-tap 
FIR filter that operates with a maximum sampling 
frequency of 37 kHz. The input frequency and the 
number of operations needed to implement the filter 
determine the maximum sampling frequency. 

You can cascade four $110 (1000) ZR33881s from 
Zoran Corp and achieve a 40-MHz throughput. (These 
ICs are video-speed filter processors, which means they 
run at 10 MHz minimum.) The resultant cascading filter 
has only 16 taps, but it’s sufficient for video applica- 
tions. The ZR33481, ZR33881, and ZR33891 digital 
filter processors (DFP) from Zoran are all video-speed 
devices that you can use to implement 1-D and 2-D FIR 
filters, multibit correlators, and adaptive filters. Each 
of these devices comprises four (33481) or eight (33881 
and 33891) filter cells and features 20-MHz sampling 
rate, 8- or 9-bit coefficients and data, and shift and add 
output stages for combining filter outputs. In quantities 
of 1000, the ZR33481 costs $100; the ZR33891, $150. 

Zoran’s $230 (1000) ZR34161 vector signal processor 
(VSP) is aimed at digital image-processing applications. 
The VSP is optimized for frequency-domain processing, 
which provides some advantages over spatial-domain 
processing. Image compression and coding algorithms, 
feature extraction, spectral analysis of images, and 
image restoration are some of the applications that 
benefit from frequency-domain treatment. You can re- 
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store an image, for example, by converting it to the 
frequency domain and de-convolving its spectrum with 
that of the noise or the blurring that degrades the 
image. Fig 5 compares the efficiency achieved by fre- 
quency- and spacial-domain treatments and shows how 
those performances relate to the kernel size of filters 
and to the number of operations required to implement 
them. 


Choose integer or floating-point operations 


The VSP completes a 1024-point block-floating-point 
complex FFT in 3.3 msec; its 23 high-level instructions 
operate on complex vectors or arrays of data. The VSP 
features both integer and block-floating-point execution 
and 16-bit address and data buses. Block floating-point 
arithmetic is a method of dealing with overflow in the 
results of an arithmetic operation. This approach main- 
tains the dynamic range of the processor by shifting 
results only when an overflow occurs rather than shift- 
ing results as a matter of course. The device performs 
all calculations with an internal accuracy of 17 bits. Its 
25-bit accumulators operate with no overflow of the 
accumulation of 256 17-bit words, a requirement for 128 
complex-point dot-product operations. 

Video-speed filtering is also the object of the 
NC45CF8, an NCR FIR filter. The basic filter chip 
provides 14.5-MHz data-throughput rates on 9-bit data 
processed with 8-bit coefficients. You can cascade the 
$170 chip to lengths of either an even or odd number of 
taps. You can operate the chip in a linear phase mode, in 
which case it provides you with eight taps per chip, or 


TRANSFORM DOMAIN 


Fig 5—In 2-D filtering applications, as the 
kernel size and number of operations in- 
crease, it becomes advantageous to operate in 
the frequency domain. 
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_ For more information on the DSP pro | icts described in : 
this article, contact the following manufacturers directly 
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you can operate in a nonlinear phase mode and obtain 
four taps per chip. 

Another family of FIR filters also offers video-rate 
throughput. The CDSP family, which includes the 
CDSP100 programmable FIR digital filter, the 
CDSP110 LMS adaptive FIR filter, and the CDSP200 
programmable-length FIFO represent GE/RCA’s foray 
into the DSP arena. The $79 CDSP100 programmable 
FIR filter features a 20-MHz throughput rate. The chip 
is organized in a parallel fashion so you can cascade the 
devices and build higher-order filters without losing 
speed. The filter accepts 8-bit data and provides 11-bit 
2’s-complement output. The 11-bit data, however, is 
truncated to eight bits for output. The part limits 
truncation noise to less than —60 dB. 

The $110 CDSP110 is a least-mean-square adaptive 
FIR filter that accepts 8-bit input data and produces 
12-bit outputs. You can operate the part at 10 MHz and, 
because it adapts on every cycle, the convergence time 
(time required for the error signal to be reduced to an 
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acceptable level) is minimized. 

The $26 CDSP200 programmable-length FIFO de- 
vice can write or recirculate from de to 50 MHz and is 
programmable in single-delay steps from two to 1281 
sample delays. The device comes in 9- or 10-bit data- 
word versions. You can use the FIFO in applications 
such as comb filter designs, horizontal delay-lines for 
high-resolution monitors, and image processing. EDN 
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Available now. For more 
information on PMI's next 
generation quad op amps, circle 
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at 1-800-843-1515. 
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OP-490 


+0.8V to =18V 


Single Supply Operation; 
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1 NowATsToffers the 
| worlds first floating 
point and fastest 
fixed point DSPs. 


Only AT&T can give you a 
complete single-chip Digi- 
tal Signal Processor solu- 
tion for all your analog and 
digital applications. 
Because, only AT&T has a 

§ single-chip floating point 
DSP in full production, as 


. F well as the fastest fixed 


point DSP available. 
Speed and flexibility. 


F The AT&T DSP32 has a 32- 

bit floating format with 24 

= bits of precision. It has an 

§ on-chip CAU that allows it 
See to perform like a 16-bit 


® microprocessor with 32-bit 


fae floating point capabilities. 
f This makes precision possi- 


bie over a wider range, so 
essential for high tech 

f applications such as com- 
puter aided design, image 


. processing and speech 


.. compression. 
= Ifyour requirement is for 
faster speeds, our fixed 


It is the first single-chip 
DSP to approach “building 
block” speeds. 

Easier programming, 
development 

and debugging. 

AT&I's DSPs make it easier 
to develop algorithm imple- 


mentations. Unlike compet- 
itive DSPs, AT&I DSPs are 
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point DSP16 operates at 55 ns. 


| Please send me more information about AT&T's DSPs. 
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programmed using high 
level C-like Syntax, which is 
equation-like and much 
easier to program. AT&T 
also offers a complete 
single-board system for the 
development and real-time 
evaluation of your DSP pro- 
grams. Plus, we offer a com- 
plete UNIX® and MS*-DOS 
software library for creat- 
ing, testing and debugging 
applications programs. 


Single chip 

means savings. 

So, whatever your applica- 
tions: voice signal filtering, 
speech and video signal 
compression, spectral anal- 
ysis, graphics and 
computer-aided design, 
AT&T's single-chip DSPs can 
cut your development time 
as well as cutting power 
consumption and board 
area. 

And, of course, AT&T Bell 
Laboratories’ ongoing R&D 
will assure you that AT&T 
will stay at the forefront of 
DSP technology. 

For more information, 
call 1 800 372-2447, or 
send the reply coupon. 

In Europe, call AT&T 
Microelectronics in Munich, 
Germany at 089/95970, 
Telex 5216884. In Singa- 
pore, call 2508422/2533722, 
Telex RS21473/RS55038. Let 
us show you why AT&T is 
the only DSP supplier with 
a complete single-chip 
solution for all your analog 
and digital applications. 
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GET THE WORD ON DSP, 


With all the talk about digital signal processing 
- these days, it’s hard to know what to believe. At Zoran, 
wed like to make it easy for you. 
- Forus, DSP isn’t just a sideline, as it is at other 
companies. Its the bottom line. Because it's all we do. 
Which means we strive to achieve only one 


; objective. Developing the high-performance DSP prod- e 


ucts you need to shorten your time to market. 
~_Asevidenced by the Zoran Vector Signal Processor 
| wsp)™ and Digital Filter Processor (DFP). 
Two new signal processors that enable you to 
concentrate on your application, instead of getting 
bogged down in the details of software implementation. 
| ‘Using single, highly integrated CMOS devices 
_. thatuse parallel processing to deliver all the speed of 
~ multiple components. Without all the hassle of 
extensive programming. 
What's more, you'll do it in a lot less time. 
At a lower cost. And with greater ease, flexibil lity and 
reliability than you ever thought possible. 
Poe Best ofall, were shipping products now. Instead ; 
me of simply anaoanciig them, Which means ane don't 
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-your development cycle and 
get to market faster, ahead of : 
~ the competition. 


_tion-intensive applications 


| Zoran. For a freeZoran 
_ databook, call 1-800-441- 
2345, ext. 99 (in CA) or 1-800- software development tools 

: 556 1234, ext 99 (outside CA). shorten your time to market. | 


| Central Expressway, Santa Clara, CAI Vell get 
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mw have to wait to get the jump on your — 
~ competition. 
| High performance never 
looked so easy. We didn't think it was - 
enough for the VSP and the DEP to be 
the fastest DSP devices. S01 we also made 
them the easiest to use. . | 
We developed | pivisrlolney ach. 
tectures and optimized them for faster 
more efficient execution of embedded 
DSP algorithms, such as FFTs and FIRs. 
And we slashed programming — 
time with a high- level instruction set 
that shrinks hundreds of lines of code to 
a mere handful, speeding system design. 
On top of that, we developed a 
-modular design that lets you configure 
multiple VSPs and DFPs in parallel to 
achieve even higher performance. 

All the tools you need for faster product 
development. Most DSP support doesn’t give wu 
much to lean on. So we decided to provide you with all 
the help you need to shorten | 


~. All of which explains a 
why the VSPandDFPare = s &® 
currently in use incomputa- __ 


like image processing, instru- 
mentation and high-perfor- 
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Designer’s Guide 
to Micropower 
Circuits—Part | 


Micropower circuits 
assist low-current 


signal conditioning 


Part 1 of this 2-part series focuses on micropower 
signal conditioning for the various sensors and trans- 
ducers that have inherently low impedance or output 
voltage. Those characteristics can complicate the de- 
sign of a circuit that must operate at low current and 
low power. Part 2, scheduled for the August 20 issue, 
will look at micropower design techniques for the sig- 
nal conditioning of A/D and V/F converters, of an a 
S/H circuit, and of several low-power regulator 
circuits. 


Jim Williams, Linear Technology Corp 


Applications such as medical instrumentation, remote 
data acquisition, and power monitoring are all excellent 
candidates for battery operation, making low power 
consumption increasingly desirable in electronic appa- 
ratus. Micropower analog circuits for transducer-based 
signal conditioning present their own special problems. 
Although ICs that operate at low current are available, 
the interconnection of these devices to form a micro- 
power circuit requires care (see box, “Designing micro- 
power circuits: some guidelines”). In particular, trade- 
offs between signal levels and power dissipation become 
painful when you want good performance in the 10- to 
12-bit range. Also, many transducers intrinsically pro- 
duce small outputs, complicating an already difficult 
situation when dealing with micropower requirements. 
Despite these problems, the design of micropower 
circuits is possible by using high-performance, low- 
current-drain ICs with the appropriate circuit tech- 
niques. 

Fig 1 illustrates a simple circuit for signal condition- 
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V 
5.6V TO 10V 
e 


NOTES: 
Rp=ROSEMOUNT 118MF. 
**=0.1% TRW MAR-6. 
*=1% METAL FILM. 


400°C +0.25°C 


Fig 1—This signal-conditioning circuit for a platinum temperature 
sensor includes correction for the sensor’s nonlinear response. Cur- 
rent drain is 250 pA at a 2°C sensed temperature, increasing to 335 
wA at 400°C. 


ing a platinum RTD (resistance temperature detector); 
the circuit includes correction for the sensor’s nonlinear 
response. The circuit accuracy is +0.25°C over a sensed 
range of 2 to 400°C. To improve noise immunity, you 
should connect one side of the sensor to ground. Cur- 
rent consumption is 250 A for a sensed temperature of 
2°C and increases to 335 pA at 400°C. You connect the 
platinum sensor in a current-driven bridge with the 


1-k© resistors. 
Text continued on pg 126 
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Ci 


0.001 wF 


LT1034 
VREF 


NOTE: 
START-UP LOOP NOT SHOWN. NOTE: 


START-UP LOOP NOT SHOWN. 
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ICs that operate at very low currents do 
not, by themselves, guarantee the successful 
design of micropower circuits. Techniques 
are of equal importance. 


The LM334 current source drives the bridge at an 
operating current of 100 pA, determined by the 
bridge’s equivalent resistance. The 1N457 diode in 
series with the bridge provides temperature compensa- 
tion. By reducing the voltage across the LM334, the 
39-kQ resistor minimizes its temperature rise and en- 
sures its closer temperature tracking with the diode. 
The low current of 100 wA, which is split by the bridge, 
restricts the platinum sensor’s output to about 200 
wV/°C. 

To achieve a circuit accuracy of +0.25°C and stable 
gain, you should use a low-power precision op amp like 
the LT1006. The LT1006 takes the signal differentially 
from the bridge to provide the circuit’s output. The 
platinum sensor’s slightly nonlinear response normally 
causes several degrees of error over the sensed temper- 
ature range, but the 1.21-MO resistor provides a slight 
positive feedback to correct for this error. The amplifi- 
er’s negative feedback path dominates, and the circuit 
configuration is stable. The 1-wF capacitor rolls off the 
circuit’s high-frequency response, and the 180-kQ resis- 
tor programs the LT1006 for 80 wA of quiescent cur- 
rent. 


Use decade box for calibrating 


To calibrate this circuit, you can substitute a preci- 
sion decade box (such as the General Radio #1432) for 
Rp. Set the box to the 5°C value (1019.90) and adjust 


CATALYST 
RESEARCH _——_ 
#2736 2.8V 


LT1004 
1.2V 


NOTES: 
*=0.1% TRW MAR-6 RESISTOR. 

Rr; =YELLOW SPRINGS INSTRUMENT 
#44007 (5k AT 25°C). 


the 5°C trim for 0.05V at the output of the LT1006. 
Next, set the box for the 400°C value (2499.80) and 
adjust the 400°C trim for 4.00V output. Repeat this 
sequence until both points remain fixed. 

The resistance values set by the decade box are for a 
nominal 1000.00 (0°C) sensor. You can use sensors 
deviating from this nominal value by factoring in the 
deviation from 1000.00. Because it is an offset value 
that arises from winding tolerances during the fabrica- 
tion of the RTD, the manufacturer specifies this devia- 
tion for each individual sensor. The platinum’s gain 
slope, which is primarily fixed by the purity of the 
material, is a very small error factor. 

The temperature-sensing circuit in Fig 2 uses a 
thermocouple as the transducer. It is accurate within 
1.5°C over the sensed temperature range of 0 to 60°C. 
Current consumption is about 125 pA. 

Not only are thermocouples inexpensive, they have 
low impedance and generate their own outputs. They 
do, on the other hand, produce low-level outputs and 
require cold-junction compensation, both of which com- 
plicate signal conditioning. The bridge network, com- 
posed of a thermistor and its associated resistors, 
provides cold-junction compensation with the LT1004 
acting as a voltage reference. The lithium battery lets 
the bridge float and also lets the thermocouple have a 
ground reference, thereby eliminating the need for a 
multi-amplifier differential stage with its attendant 


4.5 TO 10V 
O) 


O OUTPUT 


0 TO 3V= 
0 TO 60°C 
+0.75°C 


TYPE-J THERMOCOUPLE 


Fig 2—This thermocouple-type temperature-sensing circuit features cold-junction compensation and is accurate within 1.5°C over a 60°C 


temperature range. Current-drain is about 125 pA. 
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power drain. (The battery specified in the figure is 
supposed to last nearly 10 years.) The gain adjustment 
of the LT1006 provides the output shown, and the 
270-k© resistor programs the IC for low current drain. 
Note that this circuit requires no trimming. 
Bridge-based, strain-gauge transducers present a 
challenge for low-power designs. Some common values 
for the transducers are a 3500 impedance and a low 
— output signal (typically 1 to 3 mV per volt of drive), and 
these common values create problems for low-power 
designs. Even with only 1V of drive, the bridge current 
consumption approaches 3 mA. Reducing the drive to 
100 mV drops the current to acceptable levels, but 


6.5 TO 10V 


47 pF 
SOLID 


habe TANTALUM 


SAMPLE 
COMMAND 


Kn) 2N3906 


Q2 


3502 STRAIN 
GAUGE 


NOTES: 
1C4a,1C4p,1C 1¢=LT1013 QUAD 
*=1% METAL-FILM RESISTOR 


precludes any great accuracy because of the minuscule 
output available. 

In many situations, continuous transducer informa- 
tion is unnecessary, and consequently a sampling oper- 
ation is viable. Sampling at a low duty cycle permits a 
high-current bridge drive while keeping the average 
power consumption low (see box, “Sampling techniques 
reduce circuit current”). Fig 3 uses such a scheme to 
achieve dramatic power savings in a strain-gauge 
bridge application. 

In the circuit of Fig 3, Q. is off when the sample 
command is low. Under these conditions, only the 
LT1006 and the CD4016 receive power, and the current 


100k 
OUTPUT TRIM 


0 TO 5V 
OUTPUT 


+ 


HORIZONTAL 


200 »SEC/DIV 
200 wSEC/DIV 
200 »SEC/DIV 
200 wSEC/DIV 


TRACE | VERTICAL 


20V/DIV 
4V/DIV 

0.5V/DIV 
2v/DIV 


Fig 3—Strain-gauge bridge-type transducers present problems in achieving low-current operation because of their low impedance and low 
output signals. The circuit shown in a uses a sampling approach to lower the average current. The operating waveforms shown in 6 are 


described in the text. 
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Sampling or strobing techniques can drasti- 
cally reduce the average current drain in 
many circuits while still providing full 
drive power when needed. 


drain is less than 125 pA. When the sample-command 
pulse goes high, the collector of Q. (trace A, Fig 3b) 
goes high, providing power to all other circuit elements. 
The 100 resistor and the 1-yF capacitor at the input of 
the LT1021 prevent the strain bridge from having to 
handle a fast-rising pulse, which could cause long-term 
transducer degradation. 

The LT1021-5 reference output (trace B) drives the 
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strain bridge, and the output of the differential amplifi- 
er IC,,, ICjz appears at IC;c (trace C). At the same 
time, S;’s switch-control input (trace D) ramps toward 
Q.’s collector. At about half of Q,’s collector voltage (in 
this case, just before midscreen), S, turns on, and the 
output of ICj, charges capacitor C,. When the sample 
command drops low, Q,’s collector falls, the bridge and 
its associated circuitry shuts down, and S, turns off. 


SUPPLY CURRENT, ls (A) 


100 1000 10,000 


SAMPLING FREQUENCY, I< (Hz) 


ON/OFF 


SETPOINT 


TIMING 
GENERATOR 


POWER ON—— 


= — 
<__» 
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Capacitor C,’s stored value appears at the gain-scaled 
output of the LT1006 (IC3). 

By preventing the updating of C, until IC,c¢ settles, 
the RC delay at S,’s control input ensures glitch-free 
operation. During the 1-msec sampling phase, supply 
current approaches 20 mA, but the 10-Hz sampling rate 
cuts the effective current drain below 200 pA. Slower 
sampling rates will further reduce current drain, but 


SETPOINT 


-- DELTA+—+ DELTA 


< 


ON/OFF OUTPUT 


Vi 


| 
DEAD BAND 


C,’s droop rate (about 1 mV/100 msec) limits the accura- 
cy. The 10-Hz rate provides adequate bandwidth for 
most transducers. The gain trimming shown allows 
calibration for 3-mV/V slope-factor transducers. You 
should rescale the trimming for other types. The cur- 
rent drain of this circuit is about 300 wA, and the output 
is accurate enough for 12-bit systems. 

By switching most of the power into the circuit, the 


WITHIN 
WINDOW WINDOW ABOVE 


CENTER 


WIDTH/2 WIDTH/2 


OUTPUT VOLTAGE (V) 


INPUT VOLTAGE (Vin) 


WINDOW 
CENTER 


OSCILLATOR (7) 
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TIMING 
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POWER OFF 
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The low impedance and low output-voltage 


of many transducers present special prob- 
lems in the design of micropower circuits. 


circuit in Fig 4 helps to reduce losses caused by the 
strain-gauge bridge. Rather than operate in a continu- 
ously sampled mode, this circuit sits in a quiescent state 
for long periods, with relatively brief on times. 

A typical application for this circuit is the remote 
measurement of the contents of a storage tank when 
weekly readings are sufficient. Despite the floating 
output of the strain-gauge bridge, the circuit has the 
advantage of not needing a differential amplifier. In 
addition, it improves measurement accuracy because it 
provides nearly full-rated drive to the strain bridge. 
Quiescent current is about 150 wA with on-state cur- 
rent typically 50 mA. 

When the base of Q, is unbiased, all circuitry is off 
except the LT1054 positive-to-negative voltage convert- 
er. By pulling the base of Q,; low, its collector supplies 
power to IC,, and IC,z. The output of IC,,4 goes high, 
turning on the LT1054. The pin 5 output of the LT1054 
heads toward —5V and Q, turns on, permitting the flow 
of bridge current. The LT1054, with IC,, acting as a 


SAMPLE © 
COMMAND 


servo, balances the inputs to the bridge and drives the 
midpoint of the bridge to OV. The bridge ends up with 
about 8V across it, and so requires the LT1054, which 
can handle 100 mA, to sink about 24 mA. The 0.02-wF 
capacitor then stabilizes the loop. 

The negative output of the IC,, and LT1054 loop sets 
the common-mode voltage of the bridge to zero, allow- 
ing IC,z3 to make a simple single-ended measurement. 
The output trim adjustment scales the circuit for a 
3-mV/V strain-gauge bridge transducer. The 100-kO 
resistor and 0.1-~F capacitor together provide noise 
filtering. 


2-wire thermistor needs no external supply 


Current-loop control in the range of 4 to 20 mA is 
common in industrial environments, and circuits that 
are used to modulate data into this type of loop must 
operate well below the 4-mA minimum current. The 
2-wire thermistor used in a complete temperature- 
transducer interface (Fig 5) has an output in the 4- to 


OUTPUT TRIM 


3500 
STRAIN- = 
GAUGE 


OUTPUT 
BRIDGE ’ 


0 TO 3V 
100k 


3-mV/V 
TYPE 


2N2222 


100 pF 
SOLID 
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Qe 


Fig 4—The strobed operation of this circuit uses only 150 pA of quiescent current. Full-rated drive up to 50 mA occurs only on 


command. 
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20-mA range. Accuracy for this current-loop circuit is 
+0.3°C over a 0 to 100°C range. The circuit does not 
require an external supply. 

By fixing the current well below the 4-mA minimum, 
the LM134 current source saves the LTC1040 from 
having to handle too high a supply voltage (see box, 
“Sampling techniques reduce circuit current”). The 
LTC1040 senses the thermistor-network output and 
forces this voltage across the output resistor to set the 
total circuit current. You can adjust the current by 
varying the gate voltage of the 2N6657 FET. The 
comparator output operates in a PWM mode, with the 
FET-gate voltage filtered by the 1-MO resistor and the 
1-wF capacitor. 

An important feature of the LTC1040 is that very 
little current—something on the order of nanoamperes 
—flows from the V— supply. The V— supply therefore 
connects to ground with negligible current error in the 
output-sensing resistor. The differential input of the 
LTC1040 can sense the current through the output 
resistor because its common-mode range includes the 
V— supply. You make the trimming adjustments for 0 
and 100°C (full scale) by exposing the thermistor to 
those temperatures or by electrically simulating those 
conditions. 

Fig 6 shows a circuit for a battery-powered thermo- 
stat using the LTC1041 and a bridge-connected ther- 
mistor to sense the temperature. A potentiometer at 
the output of the bridge provides a means of setting the 
temperature. The power for driving the bridge comes 


12 TO 40V 
(0°C=4 mA 
100°C=20 mA) 


L ep eae Ge GD» a: 
YELLOW SPRINGS 
INSTRUMENT #44201 


NOTE: *=1% FILM RESISTOR. PERC Gehe Romer esrre 


Fig 5—This 2-wire thermistor signal-conditioning circuit requires 
no external supply. Powered by a current-loop, the circuit accuracy 
is +0.3°C over a 100°C range. 
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26V ac 2-WIRE 
THERMOSTAT 


50°F 
5k 
100°F 


é} 


1N4002 
(4) 


NOTES: 

ALL RESISTORS=1% FILM. 
*=YELLOW SPRINGS INSTRUMENT 
PART #44007. 


Fig 6—This thermistor-based temperature-sensing circuit uses 
pulse techniques to limit the current to 1 pA. With a lithium 
battery, this circuit can operate for over 10 years. 


from pin 7 of the LTC1041, not from the battery. Pin 7 
is the pulse-power (Vpp) output and only turns on when 
the LTC1041 samples the inputs. A system’s average 
power consumption when this technique is used turns 
out to be quite small: In this application, total system 
current is less than 1 pA. This is far less than the 
self-discharge rate of the battery. A lithium battery can 
operate this circuit for over 10 years. 

An external R-C network sets the sampling frequen- 
cy. The initiation of an internal sampling cycle turns on 
power to the comparators and the Vpp output. The 
CMOS latches in the LTC1041 store the resulting 
outputs of the sampled analog inputs. After the sam- 
pling, the circuit switches off the power but keeps the 
outputs on. The unclocked CMOS logic consumes negli- 
gible current. 

The sampling process takes approximately 80 psec. 
During this interval, the LTC1041 draws about 1.7 mA 
of current from the 6V supply. Because the sampling 
rate is low, average power consumption is extremely 
small. The low sampling rate is adequate for a thermo- 
stat, however, because of the low rate of change associ- 
ated with temperature. 

A power MOSFET in the diode bridge switches 26V 
ac to the heater control circuitry. The MOSFET is a 
voltage-controlled device that requires no current from 
the battery. The voltage from pin 5 (DELTA) to pin 4 
(GND) sets the dead band. The dead band, which is 
desirable to prevent excessive cycling in the heating 
unit under control, equals two times DELTA and is 
independent of both Vy (pin 3) and setpoint (pin 2). 
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CLINCHER II static-shielding 
Peel-Back™ Jackets are 
-Customan’s response to your 
_ heed to protect and inspect your 
‘components...without subjecting 

' them to unnecessary handling. 
Reusable CLINCHER II Jackets enclose your 
components in layers of cushioned, shielded material 
that is superior to thin film conductive bags. The unique 
Peel-Back design offers easy product insertion and in- 
spection. The “clam shell” closing effect permits a nat- 
ural secure closure. The combination of these benefits 
make CLINCHER II Jackets ideal for use in tote boxes, 
one-way shipping cartons and bulk shippers. 


CLINCHER Il is only part of a total system. 


After listening to you and analyzing your packaging 
situation, your local ADE rep will respond to your needs 
from the broad base of products and design capabil- 
ities at his disposal. CLINCHER™, CANCEL® and 
CADDY-PACK® are joined together to become an 
optimum packaging solution engineered to take the 
anxiety out of transporting your components. 
To get in touch with how ; 
CLINCHER II Jackets can help pro- 
tect your products, call us 
toll free at 1-800/222-0221 or 
FAX 312/646-3919. Customan will | 
send you—AT NO CHARGE- ADE’s 
Guide toESD Damage Control. 


ADE, Inc. 

1430 East 130th Street 

Chicago, IL 60633 

312/646-3400 

CANCEL, CLINCHER and CADDY-PACK are registered trademarks of ADE, Inc.© 1987, ADE, Inc. 


CIRCLE NO 35 


*=1% METAL FILM RESISTOR. 

**=YELLOW SPRINGS INTSTRUMENT #44007. 
OUTPUT A IS HIGH WHEN TEMPERATURE IS BETWEEN 
26 AND 31°F. 

OUTPUT B IS HIGH ABOVE 31°F. 


Fig 7—This simple freezer-alarm circuit draws only 80 pA of 
current and uses the LTC1042 as a sampling window-comparator. 


Thus as you vary the setpoint, the dead band remains 
fixed at two times DELTA. Conversely, as you vary the 
dead band, the setpoint stays the same. 

Fig 7 is a very simple configuration for a freezer 
alarm. Circuits such as this one are useful in industrial 
and home freezers as well as in refrigerated trucks and 
rail cars. The LTC1042 acts as a sampling window 
comparator. The 10-M© resistor and 0.05-wF capacitor 
set a sampling rate of 1 Hz and the bridge-network 
values program the internal window comparator for the 
outputs shown. During normal freezer operation, pin 1 
is high and pin 6 is low. Overtemperature conditions 
reverse this state and can trigger an alarm. The circuit 
consumes about 80 pA. EDN 


Author’s biography 


Jim Williams, staff scientist at Linear 
Technology Corp (Milpitas, CA), spe- 
cializes in analog-circuit and instru- 
mentation design. He has served in 
sumilar capacities at National Semi- 
conductor Corp, Arthur D Little Inc, 
and the Instrumentation Development 
Lab at the Massachusetts Institute of 
Technology. A former student of psy- 
chology at Wayne State University, 
Jim enjoys tennis, art, and collecting 
antique scientific instruments. 
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Spectrum Software’s MICRO-LOGIC II® puts 
you on top of the most complex logic design 
problems. With a powerful total capacity of 
10,000 gates, MICRO-LOGIC II helps engi- 
neers tackle tough design and simulation 
problems right at their PCs. 
MICRO-LOGIC II, which is based on our 
original MICRO-LOGIC software, is a field- 
proven, second-generation program. It has 
a high-speed event-driven simulator which is 
significantly faster than the earlier version. 


Shape Editor 


A 200-type library of standard parts is 
at your fingertips. And for a new high in 
flexibility, a built-in shape editor lets you 
create unique or custom shapes. 


MICRO-LOGIC II is available for the IBM® 
PC. It is CGA, EGA, and Hercules® com- 
patible and costs only $895 complete. An 
evaluation version is available for $100. 
Call or write today for our free brochure 
and demo disk. We’d like to put you in 
touch with a top digital solution. 


Timing Simulator 


The program provides you with a top-notch 
interactive drawing and analysis environ- 
ment. You can create logic diagrams of up 
to 64 pages with ease. The software fea- 
tures a sophisticated schematic editor 
with pan and zoom capabilities. 


@ Total capacity of 10,000 gates 

™@ Integrated schematic editor 

™@ Fast assembly language routines 

@ Standard parts library of 200 types 
@ Event-driven timing simulator 
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MICRO-LOGICII. 
The CAE tool with a 10,000-gate 
r for your PC. 


@ Built-in shape editor 
™ Multiple delay models 
@ Printer and plotter hard copy 


} File Raitors | File Baitars i 


add f 


1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 


(408) 738-4387 


MICRO-LOGIC II is a registered trademark 
of Spectrum Software. 


Hercules is a registered trademark 
of Hercules Computer Technology 


~ IBM is a registered trademark 
of International Business Machines, Inc. 
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SMDs TO GO. 


When you want most any SMD IC, and you 
want it now, just keep on doing what you’ve 


probably been doing all along: Call Signetics first. 


Because nobody has as broad an 
offering of ICs in surface mount packages ready 
to ship now. Nobody. And we’re adding more 
all the time. 

We've got whatever you need, from 
logic and linear in SO to memories and 
microprocessors in PLCC. All of our SO and 
PLCC packages meet JEDEC standards. 


98-9800-500 ; — 


Our free SMD pocket guide lists 
everything available. SO and PLCC package 
drawings, too. 

How do you want to get your SMDs? 
Tape and reel? ‘Tube? We ship either way, and 
the choice is yours. 

Allin all, Signetics has a broader range 
of SMD components than anyone else in the 
industry. But then, we should. We, together 
with N.V. Philips, pioneered surface mount 
technology. 


So when you put that level of ExXpe- | Please send me more info on Signetics SMDs. EDN 080687 | 
LC) Free SMD Pocket Guide. 


rience together with the industry’s toughest | 5 Library of SMD technology papers. 
quality standard— Zero Defects —there’s cTncc na 
no contest between Signetics and anyone else. | Name 
When you re looking for surface mount | Postion 
ICs, look to Signetics. iD are, we have it made. | Company 


| 

| 

| 

| 

| 

a ea ee ae ae ee EP Ee | 
One standard. OD detects. eh | 
— | 

| 

| 

| 


| City. EL Tp 
| Phone 
| Product Interest__ 
a subsidiary of U.S. Philips Corporation | Send coupon to: Signetics Corporation, 811 E. Arques Ave., P.O. Box 3409, 
Sunnyvale, CA 94088-3409, Attn: Publications Services, M/S 27 966 
800-227-1817 x 966D (Sis i Re A ng NR eee 
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SONY SETS NEW RECORDS 
IN SRAM PERFORMANCE 


To help your designs push the limits of high- 
speed performance, design in Sony's high- 
speed SRAMs. 

Because our SRAMs, featuring full-CMOS 
technology, offer perhaps the fastest access times 
of any SRAMs available. 

Speeds of up to 25 ns in 64K configurations. 25 ns 
in 72K configurations. And 45 ns in 256K configurations. 

Plus with our state-of-the-art one-micron CMOS tech- 
nology, all Sony SRAMs incorporate 6-transistor storage 
cells. So you'll benefit from very low data retention cur- 
rent, too. Lower than 500 nanoamps at room temperature. 

Our 64K and 72K SRAMs are available in 300-mil DIP 
packages. And our 256K SRAMs in either 
600-mil DIP or 32-pin LCC packages. 

And we're not just talking engi- 
neering samples here. Because nght 
now, our SRAMs are in full production. 
Ready for immediate delivery. 

Plus of course, like with any Sony product, 
you're also assured the utmost in quality, reliability and 
performance. 

So put Sony’s high-speed, full-CMOS SRAMs to work 
in your designs. Then who knows? Your systems 
may set some performance records, too. } 

To get all the details, call (714) 
229-4192 today. Or write Sony Corpora- 
tion of America, Component Products 
Group, 10833 Valley View St., Cypress, 
CA 90630. FAX (714) 229-4271. 


SONY SRAM DEVICES 
PACKAGE DENSITY ORGANIZATION SPEED (ns) 


CXK5863P— 25/30/35 

CXK5971P— 25/30/35 

CXK58255P— 45/55 

CXK58255K — 45/55 OBBK 39K x8 45/55 


PART NUMBER — 
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~ Sequential-test 
techniques maximize 


throughput 1n tests 


You're wasting time if you test an obviously 
defective system as thoroughly as a system 
that comes close to meeting its specification. 
By performing a sequential test, which 
evaluates results after each trial, you can 
determine whether a system warrants fur- 
ther testing. 


R F Cobb, Harris Corp 


When you test a system that has statistical specifica- 
tions, you can’t measure the system’s characteristics 
exactly. You have to measure the system repeatedly 
and determine the mean of the results. Clearly, this 
type of test takes a long time, but you can shorten the 
length of your test by measuring each system only long 
enough to determine whether the system meets its 
specifications. 

Your test should be able to determine when the 
outcome is predictable enough to discontinue testing. 
You shouldn’t need to test a unit that is far better or 
worse than its specification for as long as you test a 
system that is marginal. Once you know whether a unit 
passes or fails, further testing is unproductive. 

You can determine the certainty of the result of your 
test by using the sequential test. To conduct such a 
test, you pose a null hypothesis (Hy) and calculate the 
minimum number of trials needed to dismiss or accept 
the hypothesis. Ref 1 describes the hypothesis test.) 
The sequential test requires only a few trials if the 
equipment is far better or far worse than required. For 
equipment that comes close to its specifications, the 
test lasts longer. 
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The sequential test is an extension of the likelihood- 
ratio test, and thus both tests use the same basic 
equations. (For a review of these equations, see box, 
“Equations are key to sequential-test comprehension.”) 
However, the likelihood-ratio test isn’t intelligent, and 
the sequential test is. The number of trials (n) in a 
sequential test isn’t a predetermined number: The 
sequential test assesses the need for more trials as a 
test progresses. 

Suppose, for example, that you’re testing a receiver 
for a bit-error rate of 10° and you’ve determined that, 
to obtain your desired probabilities of error a and B, 
you need n=10' trials and a mean (m) that is <2x10-5. 
Thus, nXm must be less than or equal to 200—the unit 
fails if you record 201 errors. 

Now assume that you measure 90 errors during the 
first 10° bits. The receiver will fail if you record 111 
errors in the next 9.999x10° bits. Considering that 
you've recorded a bit-error probability of 9x10? al- 
ready, you'll almost surely record a bit-error probabili- 
ty greater than 1.11x10~° during the remainder of the 
test. The receiver is almost certain to fail, so further 
tests are a waste of time. In this example, the outcome 
is obvious. But when the outcome is less obvious, you 
can still use the sequential test to justify terminating a 
test. 

Because the number of samples in a sequential test 
isn’t fixed, you need more samples when @) and 0, are 
nearly equal than when they differ by a great amount. 
You also need a large number of samples if you want to 
minimize the probability of error. 

To calculate a likelihood ratio for a sequential test, 
start by choosing a pair of constants, A and B (Ref 2): 


0<B<]l1 1<A<o, 


The likelihood ratio for the sequential test is the 
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The number of trials in a sequential test 
ismt a predetermined number—the sequen- 
tial test assesses the need for more trials as 
the test progresses. 


reciprocal of the general likelihood ratio Xx, 


ie P(x;|0:)P(x2{01). _ «P(X 41) (1) 
P(X1|00)P(Xq| 00). . «P(Xn| 00)" 
There’s no mathematical reason for inverting the ratio 
—it’s simply a matter of convention. 

After i trials, compute the likelihood ratio \(i) and 


if \G)SB, accept Hp; 
if A)=A, reject Ho; 
if B<d(i)<A, take another sample. 


The sequential test is like the general likelihood-ratio 
test in that, after a number of trials, you compare A toa 
constant and decide whether to accept or reject Hb. 
But, in contrast to the likelihood-ratio test, the con- 
stants A and B replace the single constant k. Moreover, 
you compute d after each trial. The two constants 
determine whether a test has reached the stage where 
you can make a decision. 


Sequential test has potential drawbacks 


Although you must continue testing until ) falls 
outside a certain range, all sequential tests end after a 
finite number of samples (Ref 2). Nonetheless, the 
number of trials can be large, and therefore you should 
set a cap on the number of samples. This cap can distort 
test statistics, of course, but if you specify a cap large 
enough so that you conclude most tests before the cap is 
reached, the effect is negligible. 

The sequential test has two disadvantages. First, 
because you must check your results after every trial, 
the test can’t be left to run unattended. Second, it’s 
hard to characterize the test’s key performance param- 
eters: its accuracy and efficiency. 


Calculate the comparison thresholds 

To analyze the probability that a sequential test will 
give an erroneous result, you must begin by calculating 
the values of the comparison thresholds A and B. Set A 
and B to produce your desired values of a and B. If you 
choose 


a 1-6 
a 

p- B 

l-a 
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the sensitivity of your test will be very close to what 
you want. The bounds on the actual performance pa- 
rameters, a’ and £8’, are 


Because a and 8 are both small, the actual values of 
the error probabilities, a’ and B’, can’t be much larger 
than the desired values of the error probability, a and 
8. In fact, because the definitions of a’ and B’ specify 
upper boundaries, the actual values of a’ and B’ are 
often lower than your planned values. 


Try a Gaussian distribution of samples 

Eq 1 indicates that solving for \ in a test with n trials 
requires 2n multiplications. However, it’s often possible 
to implement a sequential test without multiplying. 
You can calculate the likelihood ratio for a continuous 
Gaussian random variable by taking the natural loga- 
rithm of Eq 1. For a Gaussian distribution having a 
known variance o” and an unknown mean yp, the loga- 
rithm of the likelihood ratio reduces to a simple sum of 
the values taken at each sample. The likelihood ratio at 
the nth sample is 


oy (2) 
i=l 


Then, for [41> Po, 
if \’=B’, accept Hy; 
if \’=A’, reject Hy; 


otherwise, take another sample. 


The inequalities reverse if j>p1. The equations for A’ 
and B’ are 


poe ae (3) 
Mi~ Ko 2 

B’= o*ln(B) + pot Ha (4) 
Mi~ Ho 2 


Eq 2 shows that a sequential test of a Gaussian 
distribution doesn’t require any multiplication or divi- 
sion; you simply add each new sample, x;, to the running 
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bean : : : oe . 
Once you cee b the Wes of: your | oe 
_ the results of all trials into Eq 1.5 

data consists of a set of independent t 
Xa) « + Xny then Be is oe ee x ee 


‘Eq 3is ste r dise 
densities. 


- vale it will hae ae of « and B tha you can 
- control. You can compute the values and plot a an 
1d —s— B over a wide range of 8, however. Even t 

ings hae can dod ne Ss test picasa exactly onl 
3 1 ability 


4 On RF, “ Use statistics i fost ‘communications 
| ne iy.” ? EDN, oo 8, 1987, PS 143. 
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REJECT THRESHOLD= 1.25i+5.89 ~ 


_ oe THRESHOLD =1.25i—5.89 


40 


TRIAL NUMBER (i) 


Fig 1—The straight lines indicate the thresholds for testing the null hypothesis, mean=1.0, vs the alternate hypothesis, mean=1.5, for a 


Gaussian random variable having a variance of 1.0. The unit under test passes by crossing the acceptance threshold at the 22nd trial. 


total. Eqs 3 and 4 show that the thresholds (A’ and B’) 
aren’t constants; they change linearly with the number 
of trials (n). Except for n, all the quantities in Eqs 3 and 
4 are fixed, so you can plot or tabulate A’ and B’ vs n 
before you begin your test. You can then compare )’ 
with the tabulated threshold values. 

Eqs 3 and 4 show that the threshold values are 
parallel straight lines. Their slopes depend on the 
average value of the two hypothesized means. The 
distance between the parallel lines depends on the ratio 
of A to B (the difference between their logarithms) and 
the size of the difference in the hypothesized means. 

Fig 1 plots the acceptance and rejection criteria as a 
function of the number of measurements for one set of 
parameters. As long as the running total remains 
between the lines, the test must continue. If the total 
rises above the upper line, you reject H,; if it falls below 
the lower line, you accept H, (assuming j)> po). You can 
confirm the plausibility of Fig 1 by observing that if the 
difference between 1; and py is small, A’ and B’ are 
large. In this case, the threshold lines are far apart and 
you'll have to perform many measurements to reach a 
decision. 


Try a binomial distribution of samples 


The procedure for developing a sequential test for a 
binomial distribution is similar to the one for a Gaussian 
distribution. You can express the likelihood ratio as 


(7 nOxP*qu"* 
nOxP oqo” 


where p; is the probability of an event occurring during 
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any one trial; q=1—p,; x is the number of successes that 
have occurred; and ,C,=n!/[x!(n—x)!]. Ref 1 gives p; for 
a binomial distribution. 

After you cancel common factors and take the natural 
logarithm (to remove exponents), the equation becomes 


In(A)=xIn(p;) + (n—x)In(q:)— xln(p»)—(n—x)Inqo<In(B), 
(5) 


where In(A) is the rejection threshold and In(B) is the 
acceptance threshold. If you solve for the number of 
successes, x, aS a function of the number of failures, 
w=Nn~—x, you can express Eq 5 as 


In(A)— wln(qu/qo) _ . _In(B)—wIn(qu/qu) 
In(p/po) —  In(py/py) 


when p;>po. For a binomial distribution, the definition 
of the likelihood ratio becomes \’=x. The rules of the 
sequential test are 


if \’<B’, accept H,; 
if \'=A’, reject Hy; 


otherwise, take another sample. 


This is true for 


Ar—in(A)— win( /Qo) 


In(p,/po) 6) 
p= ln(B)— win(qu/qo) (7) 


In(py/po) 
If pi<po, the inequalities reverse. 
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Although you must continue testing until 
the likelihood ratio falls outside of a certain 
range, all sequential tests end after a finite 
number of samples. 


ACCEPT THRESHOLD=0.141w-7.26 


Fig 2—These parallel lines represent the thresholds for testing a null hypothesis, po=0.1, vs an alternate hypothesis, p,=0.15, for a binomial 
distribution. Because p is the probability of success, and po<p,, units pass when the number of failures is large. 


Eqs 6 and 7 are of the form ¢,—(w xk), where ¢; and k 
are constants for any given set of test parameters. 
Therefore, just as for the Gaussian random variables, 
the sequential test for binomial random variables boils 
down to a simple set of operations. 

To perform a sequential test on a binomial distribu- 
tion, you plot (or tabulate) the number of successes, x, 
against the number of failures, w. Then you compare x 
against calculated values of A’ and B’ at each trial. Fig 
2 shows an example of this type of test. 


Characterization may prove difficult 


Although you may intuitively expect the sequential 
test to require fewer trials than a fixed-length test, you 
don’t have to rely on your intuition. You can quantify 
the advantage of a sequential test over a fixed-length 
test by calculating the reliability of the sequential test. 

The primary benchmarks that characterize a hypoth- 
esis test are its operating characteristic function (OCF) 
and its average sample number (ASN). The OCF is the 
probability of accepting Hy, plotted against values of 
the test quantity, 6. The ASN is the average number of 
samples that you must measure to reach a decision. 
Thus, the OCF gives the accuracy of the test; the ASN 
measures its efficiency. You can’t calculate the ASN or 
the OCF exactly for a sequential test, but you can 
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approximate these quantities (Ref 3). 

To calculate the efficiency (ASN) of a sequential test 
for a Gaussian random variable, you start by defining a 
parameter h as 


p= tt mom 2 (8) 
HMi~ Mo 


Then, express the OCF and the ASN as 


h_ 
ocr=4 (9) 


(OCF)In(B)+(1—OCF)In(A) 


ASN= 
(i — Mo) — (my? ph 0*)/2 


(10) 


When =p, h=1; when p=p,, h=—1. The ASN is 
close to its maximum value when h=0. Because usually 
you need to know how many trials you'll need in the 
worst case (of an average number of trials), you must 
determine the value of ASN when h=0. To solve Eqs 9 
and 10 for h=0, you use L’Hospital’s rule: 


dF 
lim F(h)_dh 
h-0 G(h) dG’ 
dh 
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| COMPUTE UPPERTHRESHOLD,TU | = [| | © 
|__| COMPUTELOWERTHRESHOLD, TL | =f —™ 
| = | weeasamele |  §=$= | 
____| MEASURESAMPLE,Xx | 


INCREMENT 
N 


REJECT — ACCEPT : 
HYPOTHESIS J HYPOTHESIS 


Fig 3—In this flow chart of a sequential hypothesis test, a 
Monte-Carlo random-number generator produces the data. Depend- 
ing on how you specify the acceptance criteria, you may need to 
interchange the acceptance and rejection blocks. 


To find the OCF when h=0, you use L’Hospital’s rule 
once on Eq 9; to find the ASN, you must use the rule 
twice: 


In(A) 


OCH (h=0)=7 (a) —n(B) 


(11) 


In(A)In(B) 


eae (Mo May” 


(12) 


Solving Eq 8 for » when h=0 tells you the approxi- 
mate value of » that produces the largest value of ASN. 
It is the average value of the two hypothesis means, w 
and po. But note that the values given by these equa- 
tions are approximate. Particularly when the ASN is 
small, a simulation can characterize a test better than 
an approximation. 


To simulate a sequential test, you generate a set of 


random numbers and measure their OCF and ASN. You 
can implement a Monte-Carlo simulation of random 
numbers by using Fig 3’s flow chart. 

The definition of the parameter, h, for a binomial 
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To analyze a sequential test’s sensitivity to 
the probability of error, you must begin by 
calculating the values of the comparison 
thresholds. 


distribution that has a probability of success, p, is 


___ 1—(qi/qo)’ 


~ (pi/po)"—(qu/qo)” (13) 


Pp 


where q=1-p. (Incidentally, Eq 34.36 in Ref 3 is 


wrong. Eq 13 in this article is correct. ) 

You can’t solve Eq 13 for h as easily as you solved Eq 
8. To use Eq 13, you must choose a value for h, solve for 
p, then continue to guess values for h until you have 
enough values of p to create a set of curves. One easy 
way to produce a plot of h as a function of p is to use a 
numerical-analysis program. 

After determining the numerical values of h that give 
the desired values of p, you can use Eq 9 to solve for the 
operating characteristic function. (The equation for the 
OCF is identical for Gaussian and binomial random 
variables.) The average sample number for binomial 
random variables is 


(OCF )In(B)+(1—OCF )In(A) 


ASN= 
pln(p,/po) + qln(qi/qo) 


(14) 


To find the ASN when h=0, you must apply 
L’Hospital’s rule three times: 


In(A)In(B) 


ASN(h=0)=F (ai/qo)in(py'po) 


(15) 


An application for Gaussian variables 


Now that you know how to design and characterize a 
sequential test, you can compare the sequential test to 
the fixed-length test (Ref 1). To perform a representa- 
tive comparison, evaluate a sequential test of a Gaussi- 
an random variable that produces a=B=0.01. Using 
Eqs 3 and 4, 


if \(i)<—2.298+1.51, accept Ho; 
ifA(i)>2.298+1.51, reject Hp. 


Hy is the hypothesis that the mean is 1.4; H, is the 
hypothesis that the mean is 1.6; 1 is the sample number; 
and o” is 1.0. Because a=8, the thresholds at i=0 are 
symmetrical about zero. 

Fig 4 shows this test’s OCF. For this example, the 
approximation from Eqs 9 and 11 is quite good; the 
approximation agrees with the simulation. Fig 5 plots 
the ASN curve. The difference between the approxima- 
tion and the simulation is greater than in Fig 4, but the 
percentage error is small. 
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—@— APPROXIMATION 


—< SIMULATION 


PROBABILITY OF ACCEPTING NULL HYPOTHESIS 


1.4 5 


ACTUAL VALUE OF MEAN 


Fig 4—In this OCF plot of a sequential test for a Gaussian random variable with a variance of 1.0, the test compares the null hypothesis, 
mean=1.4, and the alternate hypothesis, mean=1.6. 


As a general rule, the approximations become more Fig 5 occurs midway between the two hypothesis 
accurate as the number of samples becomes larger. If values. The maximum point is at the exact midpoint 
you measure large numbers of samples when a and 8 _ because the two error values are equal, but the maxi- 
are small, it appears that the approximations are more mum ASN is always between H, and H,. 
accurate for small values of a and B. The largest ASN in For a fixed-length test that produces a=B=0.01, the 


—@— APPROXIMATION 


—<— SIMULATION 


ASN PER DECISION 


1.4 15 1.6 
ACTUAL VALUE OF MEAN 


Fig 5—This figure plots the ASN curve for the test performed in Fig 4. Because a=8, the curve is symmetric. The simulations always result 
in higher numbers of samples than the approximations. 
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You can find simple expressions of the se- 
quential test’s likelihood ratw for random 
variables that fit either a Gaussian or a 
binomial distribution. 


hypothesis is P(miss)=0.2. 


decision threshold must be midway between the hy- 
pothesis values. In this example, the decision point is 
1.5n, where n is the number of trials. The distance from 
the mean, 1.4n, to the threshold is 2.32680 (using the 
inverse Q function). Therefore, 


1.5n—1.4n=0.1n=2.32680, 


but o=V no and oy=1. Substituting for o and squaring 
both sides, 0.01n?=5.414n, so n=542. (To obtain the 
performance you desire, you must always round up to 
the nearest integer. ) 

Fig 5 shows that the sequential test requires 542 
samples only when the mean is 1.5—the worst case. If 
the mean is either 1.4 or 1.6, the required number of 
samples is about 220. A mean that is outside the 
hypothesis values requires even fewer samples. The 
fixed-length test, however, requires 542 samples for all 
values of the mean. 


Use detection-probability spec again 


The reduction in the number of trials for a sequential 
test of a binomial random variable is similar to that of a 
Gaussian variable. Consider the case of a radar receiver 
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ACTUAL MISS PROBABILITY . | 


| —@— APPROXIMATION 
= =~—i|—6— SIMULATION 


os . 


Fig 6—In this graph of the OCF of a sequential hypothesis test for a binomial distribution, the null hypothesis is P(miss)=0.1; the alternate 


that has a detection-probability specification of 0.9 or 
greater. You can express this spec as a hypothesis test 
by stating that the miss probability is less than 0.1, and 
the alternate hypothesis miss probability is 0.2. Using 
Eqs 6 and 7, 


if misses<—4.307+0.17Xhits, accept H,; 
if misses>6.570+0.17xXhits, reject Hp. 


Fig 6 compares the results of a simulation to approxi- 
mate the OCF and the results obtained using Eqs 9 and 
13. Although the simple hypotheses uses only two miss 
probabilities (0.1 and 0.2), the curve shows the test 
performance for all miss probabilities; thus, the curve is 
applicable to composite hypotheses. For example, if the 
receiver’s miss probability is actually 0.15, Fig 6 shows 
about a 50% chance that the receiver will pass the test. 

Fig 7 shows the ASN calculated by simulation and by 
using Eqs 14 and 15. As with the Gaussian random 
variables, the number of trials peaks between the two 
hypothesis values. The curve isn’t symmetrical, 
though, because af. 

To compare the sequential test to the fixed-length 
test with a large number of trials, you need the 
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—Q— SIMULATION 


Fig 7—This figure plots the ASN curve for the test performed in Fig 6. The maximum ASN is about equal to the number of samples required 
for a fixed-length test. For P(miss)=0.1 or P(miss)=0.2, the sequential test requires about half as many samples as a fixed-length test. 


Gaussian approximation to the binomial distribution By solving Eqs 16 and 17 simultaneously for n (the 


(Ref 1). The parameters are number of trials), you find that n= 194. Fig 7 shows that 
the fixed-length test requires a sample number roughly 
[o=Npo=9.1n equal to the largest ASN of the sequential test. 
Ww; =Nnp;=9.2n 
oy) =(Npoqo)” —02.3Vn Compare the two tests 
o,=(np;q:)” =0.4Vn. When your measurements aren’t right at the peak in 


the ASN, the sequential test requires far fewer samples 
If the number of misses exceeds the threshold, t, the than the fixed-length test. For example, when the miss 
receiver fails the test. Using the Gaussian approxima- probability is 0.1, the sequential test requires less than 


tion, set half the number of trials of the fixed test. The maxi- 
mum ASN equals the sample number for the fixed- 
P(exceeding the threshold|p=0.1)=0.01 length test simply because the sequential test knows 
P(t<x<0)= Q(t 232) =0.01 when to quit. It testing involves a difficult decision, 
0.3Vn even the sequential test can require a large number of 
t—0.1n—0.5=0.698Vn, (16) samples. 
If you calculate the fixed-length test’s OCF for true 
and values other than the two hypothesis values, you'll see 


that the fixed-length test is more accurate than the 


P(falling below threshold|p=0.2)=0.05 sequential test over a large portion of the curve. The 


P(— exst)=1-Q(022709) =().05 fixed-length test is more likely than the sequential test 
0.4Vn to fail a unit whose performance is much worse than Ho, 
t—0.2n+0.5=—0.6224V n. (17) and it is more likely to pass a unit whose performance is 
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much better than H). N evertheless, the sequential test 
requires far fewer samples in these regions than the 
fixed-length test. 

If you use the fixed-length test, you have to perform 
many measurements that produce unnecessarily low 
error probabilities. The sequential test produces high- 
er, but acceptable, error probabilities. The attractive- 
ness of the sequential test is that it doesn’t waste trials 
providing more accuracy than you need. At the two 
hypothesis values, the fixed-length and the sequential 
tests produce the same error probabilities, but the 
sequential test is clearly more efficient. 

As discussed earlier, the weakness of the sequential 
test is that it is harder to design and characterize than 
the fixed-length test. The sequential test also requires 
a trial-by-trial comparison of measurements against a 
changing threshold set, but for common distributions of 
random variables, such as Gaussian and binomial distri- 
butions, you can find simple implementations of the 
test. Whenever you have a moderate number of units to 
test or your units’ specifications demand large numbers 
of trials, the sequential test’s efficiency compensates 


for the additional design time. EDN 
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And yust 
how many 
Multibus II 


Our R & D people have earned their 
“gold stars”. 

For the past several months, they’ve 
done their Multibus II homework and pro- 
duced four high-performance Multibus II 
boards. 


We're emphasizing all of the Mul- 
oe ibus II concepts in 
these formative 
years. And, we're 
halking up our 
rapid develop- 
ent of Multibus 
boards to what 
_ we've learned 
our Multibus I 
ucts. 
Ask our R & D 
people if they're plan- 
ning more Multibus II 
boards for the future and 
they'll say, “You can count on it!” 

These four Multibus II boards are 
at the head of their class: 

CD22/3800 Multibus II Eight Chan- 
nel Communication Controller — adds ex- 
tensive communications abilities with 
512K of RAM for data buffers and support 
for asynchronous, X.25, and user specific 
protocols. 

CD22/4500 Multibus II SCSI/Floppy 
Controller — offloads the host CPU of data 


_ Multibus Tt 
CD22 /3800 Comnuni 
CD22 74-500 SCST (Fi 
CD22/6400 SBX SBC 
CD2Z2/64iI0 Pretotys 


* Multibus is a trademark of Intel Corporation. 
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storage and manipulation tasks and com- 
municates with up to seven SCSI 
peripheral adapters. 

CD22/6400 Multibus II SBX Mother- 
board — improves on the SBX concept by 
supporting up to four SBX modules on this 
powerful 80186 Single Board Computer. 

CD22/6410 Multibus II Intelligent 
Prototyping Board — provides all the intelli- 
gence, control circuitry, RAM, and bus in- 
terface you'll need to create a powerful cus- 
tom I/O board for any Multibus II system. 

Talk with our Product Managers 
about our Multibus II boards and how they 
can help with your design. Jeff Tieri will 
tell you all about the 3800 (that’s one of his 
favorite numbers), and Andre Felix can tick 
off features and application ideas on all the 
others. Call them toll free at 1-800-482- 
0315 (In Illinois, call 217-359-8010). They 
love to show and tell, so theyll send you a 
brochure with snapshots, specs, and 
prices. 

Or write us, Central Data, 1602 
Newton Drive, Champaign, IL 61821-1098. 
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Sumplify FIR-filter 


design with a CMOS 
filter-control chip 


Digital techniques let you define the phase 
and frequency characteristics of a high- 
speed filter more rigorously than you can 
with analog methods, but they require com- 
plex control circuitry. You can now imple- 
ment this circuitry easily by using three 
CMOS chips to construct an FIR filter 
that has fully programmable charactertstics. 


Jeff D Haight, Intersil Inc 


The design of digital filters used to be tedious, because 
it required either complex software or a great deal of 
hardware: multiple up/down counters, clock genera- 
tors, data memory, and a pP or microprogrammed 
controller. By using VLSI components, however, you 
can now design a digital filter that uses only three 
CMOS chips and has fully programmable characteris- 
tics. Without enmeshing you in complexity, these chips 
let you design a medium- or high-speed filter that is 
stable, yields high performance, maintains linear phase 
response, and has zero drift over a wide temperature 
range. 

Although designers have traditionally preferred ana- 
log techniques for designing filters that operate at 
audio or subaudio frequencies, all analog filters that use 
linear op amps suffer to some extent from drift caused 
by component aging, power-supply voltage changes, 
temperature changes, humidity changes, and compo- 
nent tolerances. These effects become more serious as 
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you increase the filter’s operating frequency or sharpen 
its roll-off characteristics. You can replace the linear 
amplifiers with charge-coupled or switched-capacitor 
devices, but the performance of filters using these 
devices can be limited by leakage of the charge on a 
capacitor (which can change the frequency response), 
by clock noise, and by the limited dynamic range of the 
devices. . 


Digital filters provide long-term stability 


For demanding applications, therefore, the stability 
and programmability of digital filters makes them a 
better choice. The factors that determine the response 
of a digital filter are the coefficients, the clock or sample 
rate, and the number of taps, which determines the 
order of the filter. Digital filters provide long-term 
stability, because once you’ve programmed those pa- 
rameters, only a hard failure (such as a change in one of 
the bits in a coefficient-storage PROM) can cause an 
undesired change in the filter’s response. 

You can choose from three basic types of digital filter 
for your design. Finite-impulse-response (FIR) filters 
are tolerant of reduced coefficient size and are always 
stable because they use only feedforward signal paths. 
They may require a large number of taps, however. 
Infinite-impulse-response (IIR) filters can yield the 
same response with fewer taps, because they include 
feedback paths as well as feedforward paths. However, 
because of the feedback, they may introduce more 
phase distortion and may be more difficult to stabilize 
than FIR filters. The third type, the lattice filter, can 
yield better results in some applications than either the 
FIR or the IIR types can, but it’s much more difficult to 
design. 

To choose a filter type, you can use a PC-based 


157 


The factors that determine a digital filter’s 
response are the coefficients, the clock or 
sample rate, and the number of taps. 


simulator that lets you tweak any filter parameters as a 
function of the various tradeoffs—S/N ratio, amplitude 
of passband ripple, stopband rejection, cost, and other 
factors. In digital-filter design, as in analog design, 
experience and rules of thumb will give you a good idea 
of what hardware you'll need in order to meet system 
requirements, but a simulator will let you see exactly 
how changes in filter type, filter length, coefficients, 
and other factors will affect filter performance. 

You can design an FIR filter easily with two VLSI 
CMOS chips (from Intersil): the IM29C128 FIR filter 
controller (FF'C), which contains all the required tim- 
ing, addressing, data-history memory, and control cir- 
cuitry, and the IM29C510 multiplier-accumulator 
(MAC), which performs the filtering. In addition, you'll 


need a RAM or PROM for coefficient storage. Fig 1 
shows the internal structure of the FFC; Fig 2 shows 
how to interconnect the FFC, MAC, and PROM or 
RAM to construct a single-stage FIR filter with as 
many as 128 taps. Fig 3 shows the timing requirements. 

When you're performing your initial calculations, 
remember that typical filter operations require approx- 
imately 80 nsec per tap. Thus, when you take into 
account the setup and hold times of typical external 
circuitry, your coefficient storage will need to have an 
access time of 65 nsec or less. On the other hand, if the 
processing on each data point takes less than 80 nsec, 
you can slow the filter clock and use slower storage 
devices. 

From the above figures you can easily calculate the 


DOUTO 9.15 


STATUS 


Fig 1—This VLSI chip, the FFC, contains all the memory, timing, and control circuits needed to control a multiplier-accumulator (MAC) 
and a coefficient-storage PROM. Using only these three chips, you can build a 128-tap FIR filter that has programmable characteristics. 
Sr a ON COC « - — 
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bandwidth that a single filter stage can handle. For 
example, if your simulations show that you'll need 100 
taps to achieve the response you want, then each data 
point requires 10080 nsec, or 8 sec; that is, the filter 
can accept data at 1,000,000/8 data points per second, or 
125 kHz. However, the Nyquist criterion states that, to 
avoid aliasing, sampling must take place at more than 
twice the maximum data frequency. Therefore, your 
filter will handle a bandwidth of 62.5 kHz. 

You'll find that the number of taps you need in the 
filter depends entirely on the application. Some types of 
video processing (such as edge detection) may need as 
few as 10 taps. On the other hand, some types of notch 
filters may require several hundred taps, or, in extreme 
cases, several thousand. 

If you need more than 128 taps, you'll have to cascade 
two or more stages. The total throughput depends on 
the number of multiplications and additions that the 
circuit must perform per second. If you double the 
number of stages, each of which contains its own MAC, 
you almost double the number of sum-of-products oper- 


29C128 


SAMPLE-DATA 
INPUT 


WRITE STB 


BUSY/RDY 


MeLK UCU A 


CYCLE NO | RESET | } 1 | 2] 3 | 4 ' 
OVERHEAD 


RESET 


VALID } DON'T CARE 
Dn=DIN 


DouTo1s XXXXK A DnXDn-1 X_Dr-2_ X Dns 


OLD DATA AT ADDRESS DAn 


DINo-15 DON’T CARE 


CLKXY 
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Fig 3—A filtering cycle starts on the rising edge of the START 
signal. The FFC derives all timing and control signals from the 
externally supplied MCLK clock pulse, which must have twice the 
frequency of the internal CLKP filter clock. 
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GUARD BITS 
(OPTIONAL) 


FILTERED 
DATA O/P 


READ GB 


READ DATA 


BUSY/RDY 
——j»+Y, 


COEFFICIENT 
RAM OR PROM 


CLOCK 
(25 MHz TYP) 


NOTES: 


1. YOU CAN USE EXTRA ADDRESS LINES ON COEFFICIENT 
MEMORY TO SELECT VARIOUS SETS OF FILTER 
COEFFICIENTS—HIGHPASS, LOWPASS, BANDPASS, ETC 

2. FOR PIN NUMBERS, CONSULT THE DATA SHEETS FOR 
THE DIP OR PLCC CHIPS YOU ARE USING 


Fig 2—It’s simple to connect the FFC to a 16-bit MAC. The FFC also provides six address lines for accessing coefficients stored in PROM or 


RAM. 


nee 


EDN August 6, 1987 


159 


Simple cascading may produce more ripple 

m the passband than an optimally designed 
fulter would, but you can compensate for it 

by specifying less ripple initially. 


ations performed in each clock cycle—that is, you 
almost double the bandwidth. The number of opera- 
tions is not quite doubled, because transfers between 
stages waste a small amount of time. Thus, for exam- 
ple, if you need 90 taps but also need more than double 
the bandwidth of a single stage, you could use three 
stages (which would almost triple the bandwidth) with 
30 taps per stage. This configuration would leave you 
enough headroom to refine the filter characteristics by 
increasing the number of taps until you reach the point 


where you have to add a stage to obtain the required 
bandwidth. 


Simple cascading slightly degrades performance 


There are two ways of cascading filter stages; Fig 4 
shows the easier of the two. This method uses the 
START signal not only to load raw data into the first 


ALL MAC 
CLOCKS 


AND 
ACCUMULATOR 
CONTROLS 


FFC, but also to load partially filtered data present on 
the MSP and XTP output lines of that FFC into the 
following FFC. The method imposes a slight perfor- 
mance penalty, for the following reasons. Consider a 
filter that requires 205 taps configured as five stages 
with 41 taps each. At the output of any given stage, 
each data point has a history of 41 different points times 
41 different coefficients, and these partially filtered and 
summed data points enter the next stage for further 
multiplication and summation. The result is not mathe- 
matically the same as that of an optimally designed 
205-tap filter, in which each output would be the result 
of 205 different input data points multiplied by 205 
different coefficients. 

In practice, however, the difference may not be 
significant, because convolution is a linear operation: If 
you put a 20-dB notch in the signal in one stage, and 


FILTERED 
OUTPUT 
DATA 


OUTPUT 
DATA 


CLOCK 


ALL MAC 
CLOCKS AND 
ACCUMULATOR 
CONTROLS 


ALL MAC 
CLOCKS AND 
ACCUMULATOR 
CONTROLS 


Fig 4—If you need more than 128 taps in your filter, you can cascade several filter stages, each consisting of an FFC and a MAC. The 


coefficient-storage chips can be common to all stages. 
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then feed the output of that stage into an identical 
second stage, the result will be a 40-dB notch. Addi- 
tional stages will each deepen the notch by 20 dB. This 
characteristic makes it easy for you to design a filter by 
performing simple cascading. You simply divide the 
desired frequency characteristic (in dB) by the number 
of stages, calculate the coefficients and the number of 
taps needed for one stage, and cascade the required 
number of identical stages. Because you'll be using the 
same coefficients for each stage, you can simplify the 
hardware by using a single set of PROM or RAM 
coefficient-storage chips to serve all the MACs in the 
filter, regardless of the number of stages. 


Other performance-degrading factors 


You may have to consider some other factors that 
make the filter performance obtained from simple cas- 
cading less than optimal. For example, the Remez 
exchange algorithm (or any algorithm that uses Cheby- 
shev or other polynomials in an iterative optimization 
technique) calculates the optimal set of coefficients for a 


STAGE M 
MCLK 


START 


STATUS 


ALL CLOCKS 


given number of taps. Reducing the number of taps, or, 
more accurately, reducing the number of distinct coeffi- 
cients, somewhat degrades filter performance. You can 
compensate for this degradation by specifying a tighter 
response and adding a few taps to obtain it. 

Further, simple cascading may produce more ripple 
in the passband than an optimally designed filter 
would. However, you can compensate for the excess 
ripple by specifying less ripple in your initial calcula- 
tions. Simple cascading may also cause a slight deterio- 
ration in the noise floor. In a single stage, arithmetic 
operations take place with full 16X16-bit-precision 
summing and 35-bit accumulation. When you employ 
simple cascading, however, the summed least-signifi- 
cant products in bits 15 through 0 of a 16-bit MAC are 
not passed to the next stage, so you'll observe trunca- 
tion or round-off errors. These errors are relatively 
insignificant, except in very long filters that must 
satisfy very demanding requirements. 

The second method of cascading filter stages (Fig 5) 
maintains full precision and full data history but re- 


STAGE N 


ALL CLOCKS 
AND ACCUMULATOR 
CONTROL 


AND ACCUMULATOR 


CONTROL 


Fig 5—For less distortion and noise, you use one extra register in each stage. You'll need extra timing and control circuitry to obtain the full 
precision that the MAC can deliver, but this circuitry can serve all stages. 
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Cascading with extra registers maintains 
full precision and full data history, but 
requires some extra hardware for data stor- 
age and control-signal generation. 


quires some extra hardware for data storage and con- 
trol-signal generation. This method requires the addi- 
tion of a register connected in parallel with the X 
register of each MAC. The rising edge of each CLKXY 
pulse loads the same data point into both the X register 
of the stage M MAC and the additional register; the 
output of the extra register is connected to the data- 
input port of the following stage-N FFC. At the begin- 
ning of each cycle (that is, for each new data point), the 
control circuitry clears the registers of the first-stage 
MAC. 

The sequence of the filter’s operations is as follows. 
When the START signal loads new data into the 
stage-M FFC, it also loads the previous data point into 
the initial position of the stage-N FFC’s data memory. 
The falling edge of the FFC’s status flag starts a control 
sequence that performs the following steps: 

@ It latches the output of the final filter stage into 
the next section of circuitry for display or other 
processing. 

@ It disables the MSP, LSP, and XTP outputs of 
each MAC in the filter. 

@ It works backwards from the final stage to the 
first stage and preloads each MAC with the 35-bit 
accumulation of the previous MAC. The control 
circuitry performs this operation on pairs of 
MACs sequentially, not simultaneously. It is 
worth noting, however, that if the filter has many 
stages, inserting a 35-bit register between each 
pair of stages allows the control circuitry to 
perform the operation on all pairs simultaneously. 

In the data-history memory of each FFC, the coeffi- 
cients obtained from the PROM are shifted down one 
location, and location 0 is set to all zeros, because the 
accumulator already contains information that is a 
function of the first data point. At the same time, the 
control circuitry increases the filter order by one. 

This configuration can yield a filter of any length that 
both mathematically and functionally conforms to the 
Remez exchange algorithm and does not in any way 
compromise the filter’s response. The cost is a minimal 
amount of extra hardware. You'll need an extra register 
for each stage and more sequencer stages as you 
increase the number of filter stages. However, a single 
set of control and timing circuitry can serve all the 
stages. 

Clearly, you'll get the greatest throughput when 
each stage has the same (or almost the same) number of 
taps. However, when maximum throughput is not criti- 
cal, you can include stages that are grossly different in 
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Fig 6—The number of coefficient bits determines performance. 
Even with 12 bits (a), a 128-tap filter attenuates out-of-band signals 
by at least 50 dB; 16-bit coefficients (b) increase attenuation to 65 aB; 
and 32-bit floating-point coefficients (c) bring the attenuation to 
70 AaB. 
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length. You could, for instance, implement a lowpass 
filter in the first section and a bandpass filter in the 
second. This might simplify the implementation of 
adaptive algorithms, for example, in which only the 
bandpass portion varies. 


MAC resolution affects performance 


One advantage of the 29C128 FFC is that it can work 
with MACs of widely differing resolution. Although the 
price of MACs has dropped so much that 16-bit devices 
are economical for most applications, you may have to 
use MACs of a different size for filters with demanding 
requirements. 

Further, you’ll have noted from the discussion on 
cascading stages that simple cascading produces more 
ripple and noise than does the more complex cascading 
with registers. It’s important to remember that the 
round-off and truncation noise are uniformly distrib- 
uted, regardless of whether the source is data trunca- 
tion, coefficient truncation, or truncation of the prod- 
ucts that are summed. Further, a change in the 
coefficient size affects the filter response in exactly the 
same way, whether the data width is four bits or 400 
bits. Thus, in very demanding applications, it may be 
desirable to use 16-bit, 24-bit, or floating-point MACs, 
even when the data width is only eight bits. 

Fig 6 shows the different filter responses that you 
can achieve from a 127-tap bandpass filter according to 
whether you use the 12-bit fixed-point format (Fig 6a); 
the 16-bit fixed-point format (Fig 6b); or the 32-bit 
floating-point format (Fig 6c) for the coefficients. You 
can see from Fig 6 that a filter of this length doesn’t 
show much increase in performance when the coeffi- 
cient word size goes from 16 to 32 bits. Even when you 
use 12-bit coefficients, out-of-band signals are reduced 
by more than 50 dB, which is adequate for most 
telecommunications applications. 

For filters with very few taps, or for noncritical 
filters, you could use 8-bit MACs. Many image-process- 
ing operations consist of 1- or 2-dimensional FIR filter- 
ing that requires only a few taps and for which 8-bit 
resolution is sufficient. For many speech-processing 
operations, you'll need 12-bit resolution, however. The 
FFC lets you easily tailor the filter parameters to take 
advantage of the tradeoffs between resolution and 
number of taps. 


You can change filter response dynamically 


Other applications that benefit from the ability to 
vary filter parameters dynamically include adaptive 
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filtering for modems, radar-signal processing, and mul- 
tichannel applications such as ultrasound medical imag- 
ing and sonar systems. High-speed modems need to 
vary filter response dynamically to maximize, or at 
least improve, the S/N ratio as channels fade or multi- 
path distortion varies. Most of the work requires the 
modem to vary the response of a fixed-length filter; 
however, the structure of the FFC makes it easy to 
vary filter length as well. In radar-signal processing, 
the same filter can encode biphase transmitted pulses 
and also compress the pulses of long, weak received 
sequences. For the processing of A/D radar outputs, 
12-bit coefficients are usually adequate. For further 
processing, however, you’d need coefficients having 16 
or more bits. In telecommunications applications, 
where very poor S/N ratio is the norm, you might 
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employ very long character codes that have very low 
cross-correlation values. In such applications, the coef- 
ficients wouldn’t need to have more than eight bits. 

If intermediate storage is available, you could achieve 
more than 128 taps in a single stage by storing the 
partially filtered data on disk and cycling it through the 
same filter stage several times. For example, you might 
have several hundred kilobytes of physiological data 
that you know has been contaminated by 60- or 120-Hz 
components radiated from fluorescent lighting. You 
could eliminate the noise by passing the data through a 
digital filter with 1000 taps, yielding extremely sharp 
notches at 60 and 120 Hz. Where software filtering is 
too slow, you could speed up the processing by three 
orders of magnitude by cycling the data through one 
128-tap filter stage. To perform this and other types of 
filtering, you can use a special plug-in board for the 
IBM PC (see box, “Filter board plugs into PC”). EDN 


Author’s biography 


Jeff Haight was product marketing 
manager for DSP products at GE 
Intersil (Cupertino, CA) when he 
wrote this article. He’s now vice presi- 
dent of sales and marketing at Micro 
Integration Corp (San Jose, CA). Jeff 
holds a BA from the University of 
Washington; he also attended Caltech. 
He’s a member of the Old Crows (an 


electronic warfare society) and SPIE, 


and his leisure pursuits include 
music, tennis, bicycling, reading, and 
skiing. 


Article Interest Quotient (Circle One) 
High 473 Medium 474 Low 475 


EDN August 6, 1987 


HALF-HEIGHT DIGITAL CASSETTE 
ATA STREAMERS: AN IDEA £ 
WHOSE TIME HAS COME /- 


ene DIC ANT Every year is a “vintage” when it comes to hard disk backup. No one can 
FAST, SIMPLE AND afford to have 60MB of data go sour. Use the TEAC MT-2ST data streamer 


RELIABLE BACKUP WITH for day-to-day backup or archival storage. Data cassettes are rugged, com- 
INTERCH ANGE ABLE pact, ultrareliable, and cost-competitive. Direct reel drive enables precise 


speed/positional control without time-consuming media preformatting. 
MEDIA Store anything from a single file to entire disk image under DMA control. 
And do it in 4 minutes (20MB), 10 (50MB) or 12 (60MB). 
Full media compatibility means that complete data bases can be sent 
through the mail. D/CAS-05 (QIC-02), SCSI, or D/CAS-15 (QIC-36) inter- 
faces available. Built-in data formatter for excellent space factor. 


For Memories You'll Be Glad To Have 


TEAC CORPORATION: 3-7-3 NAKA-CHO, MUSASHINO, TOKYO, JAPAN 
TEL: (0422) 53-1111 TLX: 2822451 FAX: (0422) 55-2554 


@ Hong Kong, Nissei SangyoCo. Ltd. Hong Kong Branch tel: 3-343441-6; KARIN ELECTRONIC SUPPLIES CO., LTD. tel: 3-898252 & Singapore, Nissei Sangyo Pte. 
Ltd. tel: 65-7372011: UAC CORPORATION tel: 7450082 # New Zealand, Northrop Instruments & Systems Ltd tel: 856-658 & Australia, Electrical Equipment Limited 
tel: 888-9000 & Indonesia, CHUGAI BOYEKI CO. LTD. tel: 370824 & Philippines, COMPEX INTERNATIONAL INC. tel: 213020 & India, Priya Electronics & Chemicals 
Limited tel: 2863611 Kuwait, Bader Al Mulla & Brothers Co. W.L.L. tel: 2423250 & South Africa, EPSIDON TECHNOLOGY (PTY) LTD. tel: (011) 787-1030/33 
™@ United Kingdom, TEKDATA LIMITED tel: 0782 813631 & F.R. Germany, nbn Elektronik GmbH tel: 08152/390 @ Austria, nbn Elektronik GmbH tel: 04762/5444 
@ Netherlands, SIMAC ELECTRONICS B.V. tel: 040-582911 # Belgium and Luxemburg, SIMAC ELECTRONICS SPRL/PVBA tel: 02-219.24.53 & France, TEKELEC 
AIRTRONIC S.A. tel: (1) 4534-75-35 @ltaly, A.E.S.S.E. S.p.A tel: 02-54.64.741-2-3 Hi Spain, ATAIO Instrumentos S.A. tel: 733 05 62 & Switzerland, WENGER 
PERIPHERALS AG tel: 01/830 7555 & Denmark, Dansk Binzer Teknik A/S tel: 03-662020 & Sweden, MACROTEK AB tel: 08-733 02 20 & Norway, SCANTELE AS tel: 
(2) 65 69 20 & Finland, INSTRUMENTARIUM ELEKTRONIIKKA tel: 0-5284350 


* If no distributor is listed above in your area, please contact us directly for further details about our products. 


EDN August 6, 1987 CIRCLE NO 26 165 


Now available from 


United States 
Instrument Rentals, Inc. 


Us 


L-800-824-2873 
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self. Because the logic analyzer you love 
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Or write to us today at Outlook 
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roper design tradeoffs 
translate to a precise 
Osition-control system 


Microstepping technology offers a means of 
improving resolution in position-control ap- 
plications. When it comes to a drive/control 
scheme, however, you must juggle a num- 
ber of design tradeoffs uf you hope to 
achieve an optimum design. 


Yoram Hirsch, IXYS Corp 


Designers of drive and control systems for microstep- 
ping motors in positioning applications have to take into 
account several considerations: matching and accuracy 
requirements for microstepping control; H-bridge pow- 
er-stage operating modes; the impact of the PWM 
switching frequency on system operation; single-supply 
operation; sign/magnitude-vs-bipolar inputs; under- 


voltage, overcurrent, and overtemperature protection; 
and advanced adaptive-compensation schemes. 
Although stepping motors have advantages when 
compared with servo motors, they aren’t problem-free. 
A stepping motor’s large pulse-drive waveforms create 
mechanical forces that excite and aggravate the me- 
chanical resonances in the positioning system. These 
resonances are load dependent and difficult to control 
because stepping motors have very little inherent 
damping capability. At resonance, a stepping-motor 
system is likely to lose synchronization and skip or gain 
a step. In an open-loop system (typical in stepper-motor 
applications), this loss of synchronization implies loss of 
position information—obviously an unacceptable situa- 
tion. Commonly, system designers circumvent this 
problem by avoiding the band of resonance frequencies, 
but this solution severely limits system performance. 
Stepping motors also suffer from the disadvantage of 
limited resolution. Most steppers have resolutions of 
200 steps/revolution (1.8° per step). The highest resolu- 


Fig 1—You can subdivide each full step into a number of microsteps by driving a motor with the intermediate current levels at which the 


vector sum tracks the circle. 
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tion motors spec 400 steps/revolution (0.9° per step). 

Microstepping technology allows you to overcome 
these disadvantages while still retaining an open-loop 
system’s advantages. Microstepping divides each nor- 
mal step into smaller steps by applying currents to both 
phases of the motor, creating a torque phasor that’s 
proportional to the vector sum of both currents. When 
this phasor completes one turn (860 electrical degrees), 
the motor moves exactly four full steps (one torque 
cycle). Similarly, when the phasor moves 22.5 electrical 
degrees, the motor will move (22.5/90)x100=25% of a 
full step. Thus, it is possible to position the motor to any 
arbitrary angle. 

You can easily control the torque phasor’s angle by 
applying two periodic waveforms to the motor, which 
are shifted by 90 electrical degrees. Let the phase 
current equations be 


(1) 


In = IpcosOx 
and 


Ip=Iosin@g, (2) 
where 0; equals electrical position. The resulting 
torque generated by the corresponding phases is then 


T= KoI,=Kolocos(6g) (3) 


and 


T= Kolg=Kolosin(6g) (4) 
where Ko is the torque constant of the motor. 

By substituting Eqs 1 and 2 into Eqs 3 and 4 and 
performing some vector summation, you attain a value 
for the total generated torque, measured on the motor 
shaft, of 


Te = Kolo. 


Although you might assume from this exercise that 
you have attained infinite resolution and thereby lost 
the quantized motion feature of the motor, you can 
regain the quantized feature by defining the term 
microsteps per step. Subdivide each full step into a 
fixed number of microsteps by driving the motor with 
intermediate current levels. The current’s vector sum 
will then track the circle in Fig 1 and divide the full step 
(90 electrical degrees) into the required number of 
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Fig 2—Worst-case position errors occur when the vector sum is 
tangent to the circle. 


microsteps. Fig 1 illustrates the phase currents re- 
quired for full-step and four microstep/step operation. 
(Actually, you can implement this operation using look- 
up tables and two D/A converters. ) 


Match phase currents for microstepping 


To best utilize microstepping techniques to improve 
resolution, you must first select an appropriate motor 
based on torque requirements, the specified step accu- 
racy, and the required resolution or number of micro- 
steps/step. Secondly, you have to determine how close- 
ly you need to match the phase currents to avoid 
degrading the step accuracy. 

Eqs 1, 2, 3, and 4 clearly indicate that errors in the 
magnitude or phase of the phase currents will have an 
impact on positioning accuracy. These equations also 
illustrate that if you keep the ratio of phase currents 
(I4/Ig) constant, errors in their values will only result in 
torque-value errors, not positioning errors. 

Referring to Fig 2, assume that the vector sum of 
currents I, and I, is located at point P. You must 
ascertain the upper boundary of the current errors that 
will keep the position error within some given angle A@. 
Let the phase currents vary by a small amount such 
that their vector sum lies within the circle that has a 


Fig 3—In this H-bridge circuit operating in a noncirculating mode, 
the closure of S, and S, generates the charging current. S; and S, then 
close to generate the discharging current. 
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At resonance, a stepping-motor system ts 
likely to lose synchronization and skip or 
gain a step. 


CIRCULATING 


NONCIRCULATING 


Fig 4—The circulating and noncirculating modes behave the same 
at the duty-cycle limit (0 or 100%). 


radius Ai and that is centered at point P. It follows that 
the worst-case position error occurs in the cases where 
the vector sum is tangent to the circle (such as point P)). 
At this point, 


tan(A@)=AI/Io 


Al/Ip=tan(Aé), 


To achieve a position error of less than 1% of a full step, 
for example, you must keep the total error current 
under 1.6% of full scale or peak current. This upper 
error boundary includes all sources such as zero-offset 
errors and full-scale matching errors. Looking at Fig 2 
again, you can see that in the vicinity of a full step, the 
phase with the smaller current has the biggest impact 
on position error. 


Implement the H-bridge power stage 


Your next design concern involves the implementa- 
tion of H-bridge power stages for current-regulated 
PWM control. The stages can have two possible operat- 
ing modes: circulating and noncirculating. In the non- 
circulating mode, the closure of S, and S, generates the 
phase charging current (Fig 3). Current flows left to 
right through the motor’s phase winding. At the appro- 
priate moment, §, and 8; close, generating a discharge 
current that flows through D; and D, back into the 
power-supply leads and typically charges the supply’s 
output capacitor. In practice, you'll find that the charge 
and discharge slopes are about equal in the steady-state 
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condition. For a low back-EMF, the forcing voltage for 
charge and discharge is about equal but opposite in 
sign. 

In the circulating mode, the charging action mirrors 
that of the noncirculating mode. After the current 
reaches the appropriate level, however, only S2 opens. 
The resulting discharge current then flows through D; 
and S, until the beginning of the next cycle. In general, 
the discharge slope is much smaller than the charge 
slope because there’s no forcing voltage during the 
discharge phase—only initial current. 

Next, define the duty cycle (D) and charge/discharge 
current slopes (Ic(t)/Ip(t)): 


D=t,/T 
K.=(B-A)/DT 
Kp=(B—A)/1-D)T; 
therefore 
I-(t)=A+Kct for 0St<DT (5) 
Ip(t)=A+(Ke+Kp)—Kpt for DTSt<T. (6) 


After some mathematical manipulation, the result is 


Iay(t)=A+%(Ke+ Kp)T[Kc/(Ke+ Kp) —(D-1)"1. 


In the steady-state (or static) case, I,,(t) is constant. 
Therefore, 


I.(0)=IpT. (7) 


Combining Eqs 5, 6, and 7 for the steady-state duty 
cycle results in 


Dsgs= Kp/Ke+ Kp. (8) 
According to Eq 8, and because both slopes are 
approximately equal in the noncirculating mode, 
D=50%. You can thus define the phase ripple current as 
Alpp=Ip(DT)—In(T). (9) 
Combining Eqs 6 and 9 results in 
Alpp=T[(KcKp)/(Kc+ Kp)]. 
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Near a full step, the phase carrying the 
smallest current has the biggest impact on 
position error. 


Maximum ripple current occurs when Kc=Kp=K. It 
has the value 


Alpp=KT/2. 


This mathematical exercise indicates that as far as 
ripple current is concerned, the noncirculating mode is 
never better than the circulating mode. In the noncir- 
culating mode, D=50% (ripple is at its maximum), 
whereas in the circulating mode, D=0 (ripple is at its 
minimum). 


Parameter affects slew-rate limiting 


Ripple current notwithstanding, you also have to 
evaluate the maximum rate of change of I,y(t) in the two 
modes. This parameter sets an upper limit on the rate 
of change of the phase currents and on the maximum 
motor velocity in a microstepping application. When the 
positioning system reaches this velocity limit, it is in a 
slew-rate-limiting condition. This condition means that 
the product of the peak undistorted phase current and 
the frequency of the input command is a constant value. 

To simplify things, assume that the ripple current 
stays approximately constant, which is a fair assump- 
tion because the motor’s back-EMF voltage is the major 
contributor to changes in ripple current. This motor 
voltage changes relatively slowly compared to the mod- 
ulator’s chopping frequency. 


Thus, during each cycle, the current will change by 
AI=I(T)—I(0). 
Eqs 5 and 6 show that the slew rate will then be 


Al/T=K-D—Kp(1-—D). (10) 

When you examine Eq 10 in conjunction with Fig 4, 
it’s obvious that at the duty-cycle limit (where D is 
either 0 or 100%), both modes behave the same. If you 
limit D to less than 100%, however, the circulating 
mode has the higher possible slew rate because the 
discharge current is less in the circulating mode than it 
is in the noncirculating mode. 

Technically, it is much more difficult to build a 
circulating-mode PWM controller. This mode requires 
extremely fast circuit-design techniques, which aren’t 
easy to implement. The circulating mode has another 
drawback: It doesn’t return any energy to the power 
supply and thus is less efficient. A noncirculating-mode 
PWM controller, on the other hand, operates efficiently 
at duty cycles of approximately 50%. 

Fig 5 shows the power-driver stage for a sample 
controller system and an IC that operates at a PWM 
switching frequency of 10 to 400 kHz (Fig 6). To drive a 
2-phase stepping motor, you need two of these stages. 
Fig 5’s circuit uses two n-channel and two p-channel 


MOTOR WINDING 


VSENSE 


RseNsE 


Fig 5—To simplify drive and level-shift circuitry, this H-bridge power stage employs two n-channel and two p-channel power MOSFETs. 
S$. Orr r__"*“ —Vv— ee OE OE RON PAS PH NEL pORY MOOE E18. 
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SENSE VOLTAGE 


Fig 6—This system’s built-in undervoltage lockout feature holds the outputs low until the negative-bias voltage is high enough to accept the 


negative sense voltages. 


power MOSFETs rather than an all n-channel architec- 
ture. P-channel transistors are larger and more expen- 
sive than similarly rated n-channel devices, but the use 
of p-channel units simplifies the drive and level-shift 
circuitry, which lowers component count and increases 
reliability. It also makes it easier to hybridize the 
circuit. 


AC coupling enhances efficiency 


This topology also offers other advantages. Using ac 
coupling in the level-shifting circuitry increases effi- 
ciency because there’s no power dissipation with capaci- 
tors. Also, you can use the same circuit for motor 
applications where the supply voltage ranges from tens 
to hundreds of volts. Obviously, you have to change the 
transistors and capacitors to accommodate such voltage 
levels, but there’s no need to change circuit topology. 

The circuit does have one limitation. It cannot accom- 
modate operation at duty-cycle extremes (one input 
constantly low with the other constantly high). If an 
extreme duty-cycle condition persists, coupling capaci- 
tors C, and C, will charge to a voltage level that’s high 
enough to turn off (and perhaps destroy) the two top 
transistors (Q; and Q.). You can always remedy this 
problem by restricting the duty-cycle excursions. 

In the control system of Fig 6, however, the 
IXMS150 solves this problem in another way. It places 
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a minimum limit of 0.5 psec on the output pulse width. 
Operating at 100 kHz, this translates to a 5 to 95% 
duty-cycle range. At 20 kHz, the duty-cycle range 
measures 1 to 99%. Limiting the duty cycle to Dyax in 
the unrestricted case limits the maximum slew rate to 
1—Dwax’, which translates to 90% at 100-kHz operation. 

Fig 7 shows the circuit waveforms for Fig 5. The two 
top traces illustrate the PWM controller’s input volt- 
ages. Note that the input voltages aren’t exactly com- 
plementary, but include a deadtime programmable by 
using the controller. This deadtime prevents Q, and Q» 
from conducting simultaneously. The third trace is the 
ac component of the phase current, and it indicates a 
ripple current of about 200 mA p-p. The supply voltage 
for these measurements is 40V, and the switching 
frequency is 100 kHz. | 


Select a phase-current sensing scheme 


Most PWM controllers monitor and control the peak 
of the phase current by comparing the voltage across 
the sense resistor (or a somewhat filtered version of it) 
with a ramp voltage. The rationale is that the ripple 
current has a constant amplitude. Unfortunately, test 
results demonstrate that ripple current varies with 
frequency. Even in fixed-frequency systems, the ripple 
current is directly proportional to the motor supply 
voltage and to the motor’s back-EMF voltage, which is 
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Fig 7—The two top traces show the input voltages from the PWM 
controller, the third trace shows the ac component of the phase 
current, and the bottom trace shows the voltage developed across the 
sense resistor. 


Im (0.2A/DIV) 


, exeagamases Waseaeses SUS: SURRNOCESS TOSOESSSE SAR 
§ ; ’ 
oes See Rs Sn Tee BERRI: : 
5 e ee 4 : 2 
ss ‘ Meo aa 03 3 Se RS 


RSS CROR EROS SSeS ICOEBEELESIESESOSEECRELEDI ES COLE SCRE SOSCOSTICE SOON EOE O ICN 
oes a promonnnonagen i 
, 


Im (0.1A/DIV) 


a variable. These same test results also show that 
ripple current is not insignificant when compared to the 
full-scale current. Thus, you can’t neglect its impact in 
high-precision-control system designs. 

The bottom trace in Fig 7 shows the voltage devel- 
oped across the sense resistor. This voltage feeds back 
to the controller; after appropriate signal processing, 
the circuit compares this voltage with the command 
input voltage. The ringing at the top of the waveform is 
associated with the turn-on of the bottom MOSFET 
transistors and isn’t part of the drain current. 

PWM switching frequency has a pronounced effect 
on the ripple current through the motor windings, the 
resultant eddy-current losses in the motor, and system 
efficiency. Fig 8 compares motor current ripple vs 
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Fig 8—As these scope photos illustrate, current-ripple amplitude isn’t exactly inversely proportional to the frequency. In addition, the 


charge/discharge waveforms appear to have a double time constant. 
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frequency in three ranges: 20, 100, and 250 kHz. As 
expected, ripple current goes down as frequency in- 
creases. Therefore, losses resulting from ripple current 
also decrease with increasing frequency. 

Switching frequency also has an impact on losses in 
the power stage. These losses, a function of the energy 
required to turn the power MOSFETs on and off, are 
proportional to the switching frequency: the higher the 
frequency, the more on/off transitions per second. 

Looking at Fig 8 again, you can see that current- 
ripple amplitude is not exactly inversely proportional to 
the frequency. Secondly, charge/discharge waveforms 
seem to have a double time constant. The motor in the 
control-system test setup turns out to be the culprit 
here—its winding inductance actually decreases with 
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There are two possible operating modes for 
H-bridge power stages that use current- 
regulated PWM control: circulating and 
noncirculating. 


increasing frequency. As unlikely as this might seem, 
measurement results indicate that, even though the 
winding inductance is about 3 mH at 1 kHz, it is only 
0.8 mH at 100 kHz (Fig 9). 


Economic considerations take over 


Today, many designers cut system costs by minimiz- 
ing the number of power supplies; they strive to operate 
the control section from a single supply. Unfortunately, 
the current-feedback and reference-input signals are 
bipolar. In the past, designers used level shifting to 
solve the problem of the reference-input signal. Level 
shifting wasn’t a good solution for the feedback signal, 
however, because it was very difficult to implement 
without degrading accuracy or efficiency. 

Another solution to the reference-input level problem 
uses two inputs (sign and magnitude) instead of the 
usual bipolar input. Some chip vendors have tried this 
technique because in theory it requires only one supply. 
In practice, it’s necessary to also use a negative power 
supply to generate a true zero voltage with a low- 
impedance drive; otherwise, you have to make a trade- 
off and sacrifice accuracy. 

Sign and magnitude inputs also pose another prob- 
lem. The input-voltage shape resembles a rectified sine 
wave, which means the system must have an extremely 
high-speed response at what would be the zero-crossing 
points for bipolar inputs. 

To circumvent this problem and still accommodate 
single-supply operation, the controller IC in Fig 6 
incorporates an integral negative-bias generator. This 
circuitry consumes a significant amount of silicon and 
places stringent demands on noise decoupling. Howev- 
er, it does give the chip flexibility and has no impact on 
accuracy. 


Protect against abnormal conditions 


Reliability is a crucial requirement in any system and 
is especially critical for the high-voltage, high-current, 
and high-temperature environment of a motor-control 
system. It is very important to monitor and guard 
against abnormal conditions such as undervoltage 
(which would only partially turn on the power transis- 
tors and lead to excessive power dissipation in the 
power stage), overcurrent, and overtemperature (which 
would destroy the power devices). 

The system in Fig 6 incorporates a built-in undervol- 
tage lockout feature. This lockout holds the outputs low 
(keeping the gates of the power MOSFETs at ground) 
until the supply exceeds approximately 9V, and the 
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The PWM switching frequency has a pro- 
nounced effect on ripple current through 
the motor windings. 
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Fig 9—The motor’s winding inductance clearly decreases as the 
PWM switching frequency increases. 


internal negative-bias voltage is high enough to accept 
the negative sense voltages associated with normal 
operation. 

The system also includes a 2-level current-limiting 
scheme. The first level, which is about 40% above full 
scale, is time dependent to prevent MOSFET turn-on 
spikes from tripping the system. The second trip point 
is at about 250% of full scale and is time independent. 
With this scheme, a true short will trip the system 
immediately. Finally, the system provides for overcur- 
rent protection on a cycle-by-cycle basis, with automat- 
ic reset at the end of the overcurrent condition. 

Because the IXMS150 IC doesn’t include an integral 
power section, the power driver must provide the 
temperature-sensing function. The controller has a pin 
available that lets you develop overtemperature protec- 
tion. Pulling this pin low disables the outputs. 

You can also use the output-disable pin as a status- 
output pin. When the internal circuitry pulls this pin 
low, it indicates an abnormal condition such as under- 
voltage, insufficient negative-supply voltage, or over- 
current conditions. You can use this low-output condi- 
tion to gate or disable the input voltage until 
negative-supply levels are well enough established to 
prevent the possibility of latechup. You can also use this 
signal to poll the status of a smart system or to disable 
all channels in a multi-axis system. 


Feedforward is best for loop compensation 

Loop compensation is the final design tradeoff you 
have to consider. In all fixed-frequency PWM-control 
system applications, open-loop gain, motor-current 
slew rate, and motor-current ripple are proportional to 
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the motor supply voltage. Feedforward, historically 
associated with switch-mode power supplies, is an 
open-loop technique that compensates for variations in 
the high-voltage level. In applications requiring high- 
current slew rates (such as high velocities), high supply 
voltage (with its associated high current ripple) is 
inevitable. 

Using feedforward in a microstepping motor-control 
system offers some advantages. First, it allows you to 
use supplies that are not highly regulated. Second, 
feedforward lets you design sophisticated, high-perfor- 
mance systems that can take advantage of the adaptive 
motor-supply feature. These systems have to be stable 
under widely varying motor supply conditions. Without 
feedforward compensation, gain variations due to sup- 
ply-voltage changes would complicate system design 
and severely restrict the system’s bandwidth. EDN 
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4-bit micros — 
have never displayed 
more power. 


NEC introduces single-chip, 
CMOS devices optimized for 
LCD displays. 


Four bits of NEC technology can buy you 
a whole lot of performance. The new 
member of our wPD75000 Series features 
advanced architecture, VLSI technology 
and CMOS design. Optimized for LCD 
displays, this single-chip device rivals 
8-bit micros in speed and sophistication. 

The u»PD75308GF offers an on-chip 
programmable LCD controller/driver and 
four speeds. The top speed is 0.95us at 
4.19MHz; the slowest, designed for super 
low-power operation, is 122us at 32kHz. 
You can select optimum combinations of 
speed, supply voltage and power con- 
sumption to meet diverse system display 
needs. On-chip memories are extra 
large: 8k-byte program ROM and 3]2- 
nibble data RAM. 

Other features include enhanced timer 
and interrupt functions, a systematized 
instruction set that offers efficient 1/4/8- 
bit manipulation, and a full kit of hard- 
ware/software development tools. 

We offer both EPROM (uPD75P308K) and 
OTP (uPD75P308GF) versions. 

LCD displays are a crucial user inter- 
face in telephones, copiers, facsimile 
systems, typewriters, CD players and VTRs. 

To achieve maximum results with 
minimum circuitry, base your design 
on NEC's new-generation of 4-bit 
microcomputers: the pnPD75308GF 
and 75P308K/GF. 4-bit technology 
has never looked this good. 


For further informa tion, please contact: 


HUSA Tel: 1-800-632-3531. In California: 1-800-632-3532. 
TWX: 910-379-6985. 


MEurope WwW. Germany Tel:0211-650302. Telex:8589960 NE D. 
‘The Netherlands Tel:040-445-845. Telex:51923 NEC B NL. 
Sweden Tel:08-732-8200. Telex:13839 NECSCAN S. 
France Tel:1-3946-9617. Telex:699499 NEC EF. 
Italy Tel:02-6709108, Telex:315355 NECEIT I. 
UK Tel:0908-691133. Telex:826791 NECUK G. 
Hong Kong Tel:3-755-9008. Telex:54561 HKNEC HX. 
Taiwan Tel:02-522-4192. Telex:22372 HKNEC TP. 


—_ Singapore Tel:4819881. Telex:39726 NECES RS. 
@ Oceania Australia Tel:03-267-6355. Telex:AA38343 NECBCD. _ 
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Including EDN, Electronic Design, Electronics, Electronic 
Products, Computer Design, and Digital Design (ESD) 


With compliments from EDN 
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To use this database... 


. .. Look for the topic of interest in the keyword index. If your 
topic isn’t one of the keywords, try a related, but less specific 
topic. Then go to the appropriate page in the database and 
scan the article titles, which are listed alphabetically within 
each keyword category. Information provided in each listing 
includes article title, author, company, magazine name, issue 
date, starting page number, and article length. 

For more information on the articles listed, please contact 


Photo courtesy Motorola Inc, 
Austin, TX 


each magazine directly. 


EDN 

Cahners Bldg 

275 Washington St 
Newton, MA 02158 
(617) 964-3030 


Electronic Design 

10 Mulholland Dr 

Hasbrouck Heights, NJ 07604 
(201) 393-6000 


Electronics 

McGraw-Hill Bldg 

1221 Avenue of the Americas 
New York, NY 10020 

(212) 512-2000 


Electronic Products 
645 Stewart Ave 
Garden City, NY 11530 
(516) 227-1300 


Computer Design 
119 Russell St 
Littleton, MA 01460 
(617) 486-9501 


Digital Design (now ESD*) 
1050 Commonwealth Ave 
Boston, MA 02215 

(617) 277-1120 


*Digital Design changed its 
name to ESD in January. For 
consistency in this database, 
we've listed this magazine as 
Digital Design throughout. 
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Exotic Customs 


The special requirements of data communi- delivered a hand-held RF modem operating 
cations OEMs have resulted in some pretty at 4800 bps! 
exotic custom modem cards from Universal ey UDS has successfully handled more 
Data Systems. vies hee than 3,000 custom OEM modem design 
Funny form factors are routine fare for ae 7 assignments — and we can handle yours. 
our custom designers. Nooks, crannies and = a, To begin an exotic custom, contact Universal 
odd card configurations are no problem, given ee Data Systems, 5000 Bradford Drive, Huntsville, 
sufficient square inches of real estate. UDS AL 35805. Telephone 205/721-8000; 
engineers have even designed a Circular 212A Telex 752602 UDS HTV. 


es ; , For a generous sampling of 
modem that fits in the back of a residential UDS’ custom design capabili- 


j ties, ask for the new, free OEM 
electric meter. modem brochure. 


Non-standard modem functions are Univer sal Data systems 


another specialty of the house. For example, 
UDS engineers have already designed and (MA) MOTOROLA INC. 
information Systems Group 


UDS modems are offered nationally by leading distributors. Call the nearest UDS office for distributor listings in your area. 
DISTRICT OFFICES: Apple Valley, MN, 612/432-2344 ¢ Atlanta, GA, 404/998-2715 ¢ Aurora, CO, 303/368-9000 « Blue Bell, PA, 215/643-2336 ¢ Boston, MA, 
617/875-8868 « Columbus, OH, 614/895-3025 « East Brunswick, NJ, 201/238-1515 « Glenview, IL, 312/998-8180 « Houston, TX, 713/988-5506 ¢ Huntsville, AL, 
205/721-8000 ¢ Issaquah, WA, 206/392-9600 ¢ Livonia, MI, 313/522-4750 « Mesa, AZ, 602/820-6611 © Milwaukee, WI, 414/273-8743 ¢ Mission Viejo, CA, 714/770-4555 
Mountain View, CA, 415/969-3323 ¢ Richardson, TX, 214/680-0002 e St. Louis, MO, 314/434-4919 St. Peters, MO, 314/434-4919 ¢ Silver Spring, MD, 301/942-8558 
Tampa, FL, 813/684-0615 ¢ Uniondale, NY, 516/222-0918 ¢ Van Nuys, CA, 818/891-3282 ¢ Willowdale, Ont, Can, 416/495-0008 ¢ Winston-Salem, NC, 919/760-4184 


Created by Dayner/Hall, Inc., Winter Park, Florida 
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Amplifiers 

Composite amplifiers yield high speed and low offset. Williams, 
Jim, Linear Technology Corp; EDN, 01/22/87, pg 139, 11 pgs. 

Flexible PGA designs require few components. Kaniel, Akavia, 
Intech Inc; EDN, 01/22/87, pg 181, 5 pgs. 

GaAs ICs add gain block to rf designer’s arsenal. Schappacher, 
Jerry, Harris Microwave Semiconductor; Electronic De- 
sign, 03/05/87, pg 109, 2.5 pgs. 

Hybrid isolation amps zap price and voltage barriers. Smith, 
Greg, Burr-Brown; Electronic Design, 12/11/86, pg 91, 4.5 
pgs. 

Instrumentation amp suits wide range of circuit designs. Burt, 
Rod, Burr-Brown; EDN, 01/08/87, pg 157, 7 pgs. 

Monolithic operational amplifiers. Travis, Bill, Senior Editor; 
EDN, 11/13/86, pg 134, 12.5 pgs. 

Power op amps solve deflection-yoke drive problems. Scofield, 
Granger, Apex Microtechnology; EDN, 02/19/87, pg 171, 6 


pgs. 


Analog signal processing 

Low-power op amp delivers precision at low signal levels. 
Bowers, Derek F, Kapoor, Art, Precision Monolithic; EDN, 
01/08/87, pg 185, 5.5 pgs. 


Arithmetic chips/circuits 

A crucial step toward ultra-fast data paths. Staff; Electronics, 
11/27/86, pg 78, 1 pg. 

New coprocessors head toward supermini speeds. Wilson, Ron, 
Staff Editor; Computer Design, 04/15/87, pg 23, 6 pgs. 

Processor chip set shrinks latency, boosts throughput. Peterson, 
Jim; Leibowitz, Robert N, Bipolar Integrated Technology; 
Electronic Design, 02/05/87, pg 75, 4.5 pgs. 

This CPU does floating point faster than any two-chip set. Staff; 
Electronics, 11/27/86, pg 51, 5 pgs. 


Artificial intelligence 

AI general-purpose versus tagged machines. Aseo, Joseph, Staff 
Editor; Digital Design, 02/87, pg 33, 3 pgs. 

AI meets parallel processing. Billstrom, David, Intel Scientific 
Computers; Teeter, John, Gold Hill Computers; Digital 
Design, 12/86, pg 38, 3 pgs. 

CIM: The right medicine for electronic manufacturing? Shapiro, 
Sydney F, Staff Editor; Computer Design, 11/01/86, pg 73, 12 
pgs. 

Expert systems poised to reshape industry. Schindler, Max, 
Staff Editor; Electronic Design, 03/19/87, pg 29, 2 pgs. 

General-purpose machines and PCs emerge as AI platforms. 
Hindin, Harvey J, Staff Editor; Computer Design, 11/01/86, 
pg 43, 6 pgs. 

Imaging joins forces with AI. Wilson, Andrew C, Staff Editor; 
Digital Design, 01/87, pg 53, 2.5 pgs. 

Microcontrollers teach robots to learn. Cormier, Denny, Staff 
Editor; Digital Design, 03/87, pg 38, 3 pgs. 

Special report: AI boosts IQ of silicon compilers. McLeod, 
Jonah, Staff Editor; Electronics, 04/30/87, pg 54, 4 pgs. 

TI puts its Lisp chip into a system for military AI. Wolfe, 
Alexander, Staff Editor; Electronics, 03/19/87, pg 95, 2 pgs. 


Artwork generation/plotting equipment (ICs) 
Expert designers evaluate PC-based schematic editors. F'ree- 
man, Eva, Associate Editor; EDN, 12/25/86, pg 82, 4.5 pgs. 


Automatic test equipment/techniques 

Can testers catch up with complex chips? McLeod, Jonah, Staff 
Editor; Electronics, 01/22/87, pg 49, 4 pgs. 

The sky is not falling in the ATE world. Mcloud, Jonah, Staff 
Editor; Electronics, 11/13/86, pg 68, 4 pgs. 


B 


Backplanes 
Power planes increase wire-wrapped circuit speeds. Visco, P 
Anthony, Mupac Corp; EDN, 11/27/86, pg 225, 3 pgs. 


Board-level computers 

32-bit VME CPUs pack power of a VAX onto just one board. 
Panasuk, Curtis, Staff Editor; Electronic Design, 12/11/86, 
pg 99, 6 pgs. 

A spate of better models spark an exploding market. Wolfe, 
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Alexander, Staff Editor; Electronics, 03/19/87, pg 87, 4 pgs. 

Board-level systems set the trend in data acquisition. Shapiro, 
Sydney F, Staff Editor; Computer Design, 04/01/87, pg 59, 
12.5 pgs. 

Buyers guide to single-board computers. Staff; Computer De- 
sign, 02/15/87, pg 81, 34.5 pgs. 

Controllers spark fast data transfers in VMEbus systems. Ohr, 
Stephan, Staff Editor; Electronic Design, 12/11/86, pg 73, 5.5 
pgs. 

Make your own low-cost 8051 emulator. Horton, Eric P, Nova 
Scotia Power Corp; EDN, 11/13/86, pg 193, 12 pqs. 

Single-board computers offer designers system-level perfor- 
mance. Mokhoff, Nicolas, Staff Editor; Computer Design, 
02/15/87, pg 63, 9 pgs. 


Bonders, die/wire/tab 
The door is opening for chip-on-board assembly. Lyman, Jerry, 
Staff Editor; Electronics, 12/18/86, pg 101, 2 pgs. 


C 


CMOS logic 

Advances in CMOS and ECL process technology yield power- 
house ICs. Marrin, Ken, Staff Editor; Computer Design, 
12/86, pg 81, 9.5 pgs. 

CMOS ADC achieves reliable 12-bit resolution. Reidy, John, et 
al, Analog Devices; EDN, 03/04/87, pg 131, 13.5 pgs. 

Check lists help you avoid trouble with MOS and memory ICs. 
Sokal, Nathan O, Design Automation Inc; EDN, 11/27/86, 
pg 229, 5.5 pgs. 

Integrated current sensing simplifies MOSFET designs. Young, 
Sean, International Rectifier Corp; EDN, 11/13/86, pg 215, 5 


pgs. 
Interface various IC technologies to CMOS arrays. Stansberry, 
Mark, National Semiconductor; EDN, 03/04/87, pg 153, 4 


pgs. 

Manufacturers of fast CMOS logic families take sides in packag- 
ing controversy. Mosley, JD, Regional Editor; EDN, 
04/15/87, pg 69, 7.33 pgs. 

Memory-based CMOS FIFO buffers sport large capacities, rival 
the speed of bipolars. Harold, Peter, European Editor; 
EDN, 03/18/87, pg 65, 6.33 pgs. 

TI’s pinout scheme for ACL devices still under attack. Bond, 
John, Contributing Editor; Computer Design, 11/15/86, pg 
28, 3 pgs. 


CMOS technology | 

Analog CMOS will breed unpredictable discoveries. Fullagar, 
David J, Maxim Integrated Products; Electronic Products, 
01/15/87, pg 39, 2 pgs. 

At IEDM, new ways to boost chip speed and density. Staff; 
Electronics, 11/27/86, pg 66, 3 pgs. 

CMOS devices close in on bipolar logic. Thompson, Bill, Texas 
Instruments; Beier, Albert, Signetics; Computer Design, 
01/15/87, pg 73, 3 pgs. 

ECL gains ground in battle against CMOS. Leibowrtz, Bob; 
Taylor, Greg, Bipolar Integrated Technology; Computer De- 
sign, 04/01/87, pg 91, 5 pgs. 

Manufacturers of fast CMOS logic families take sides in packag- 
ing controversy. Mosley, J D, Regional Editor; EDN, 04/15/ 
&7, pg 69, 7.33 pgs. 

Mixed analog/digital technologies pack complete systems on- 
chip. Martin, Steven L, Contributing Editor; Computer 
Design, 04/01/87, pg 39, 6 pgs. 

National’s CMOS process tailored for analog ICs. Staff; Elec- 
tronics, 02/05/87, pg 75, 1.5 pgs. 


CRTs/monitors 

External hardware augments low-cost display controller. 
Stelbrink, Juergen, Advanced Micro Devices Inc; EDN, 
11/27/86, pg 209, 6 pgs. 


Capacitors 

Capacitors. Travis, Bill, Senior Editor; EDN, 01/22/87, pg 116, 
13 pgs. 

Inrush of switching power supplies propels advances in materi- 
als, technology. Biancomano, Vincent, Staff Editor; Elec- 
tronic Design, 11/13/86, pg 83, 4 pgs. 


Circuit packages 

Cost, device speed, size, and reliability determine the best 
package for an ASIC. Freeman, Eva, Associate Editor; 
EDN, 04/30/87, pg 77, 5 pgs. 
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Communications ICs 

A modem chip that needs only one 5-V power supply. Staff; 
Electronics, 01/08/87, pg 81, 3 pgs. 

Analog arrays speed design and lower cost of uhf chips. Heyes, 
Gary L; Shier, John S, VTC; Electronic Design, 12/11/86, pg 
119, 4 pgs. 

Availability of cryptographic ICs augurs the increasing use of 
data encryption. Terry, Chris, Associate Editor; EDN, 01/ 
22/87, pg 63, 4 pgs. 

Digital video data can now travel by Taxi. Vesuna, Sarosh; 
Price, Simon, Advanced Micro Devices; Computer Design, 
02/01/87, pg 79, 4.5 pgs. 

Ethernet/Cheapernet chips: The power and the process. 
Cormier, Denny, Staff Editor; Digital Design, 04/87, pg 87, 3 
pgs. 

Faster, cheaper modem ICs are well on their way. Allan, Roger, 
Staff Editor; Electronic Design, 04/30/87, pg 81, 8 pgs. 

GaAs cells simplify high-speed communications. Schappacher, 
Jerry B, Davis, Richard T, Harris Microwave Semiconduc- 
tor; Digital Design, 02/87, pg 57, 3 pgs. 

ISDN terminals simplify data transmissions. O’Toole, Tony, 
EDN, 01/22/87, pg 167, 8 pgs. 

LAN ICs let you build networks for PCs. Cormier, Denny, 
Regional Editor; EDN, 12/11/86, pg 136, 8.5 pgs. 

Low-cost chip set offers Bell 103 functions. Wolbert, Bob, Exar; 
Computer Design, 03/01/87, pg 73, 4 pgs. 

Modem prices drop as chips absorb more functions. Chester, 
Michael, Staff Editor; Electronic Products, 03/01/87, pg 28, 6 

gs. 

Sone silicon solutions for MAP. Loyer, Bruce A, Motorola 
Semiconductor Products; Electronic Products, 03/15/87, pg 
60, 8 pgs. 

The furious race to develop 2,400-b/s modem chip sets. 
Lineback, J Robert, Staff Editor; Electronics, 01/08/87, pg 
S84, 3 pgs. 

Two-chip modem suits high-speed LAN systems. Shah, Pras- 
anna M, Signetics Corp; EDN, 03/31/87, pg 171, 8.5 pgs. 
Variety reigns supreme in ISDN chip sets. Spadaro, Joseph J, 

Staff Editor; Electronic Products, 03/15/87, pg 55, 3.5 pgs. 

Video codecs send full-motion CGA images over the phone. 
Cormier, Denny, Staff Editor; Digital Design, 04/87, pg 93, 2 
pgs. 


Comparators 

Synchronous-network circuit boosts network flexibility. 
Vesuna, Sarosh N, Advanced Micro Devices; EDN, 11/13/86, 
pg 231, 6 pgs. 

Computer languages/compilers/interpreters 

A compiler for semicustom solutions. Staff; Electronics, 02/05/ 
87, pg 62, 3 pgs. 

Code optimization speeds C throughput. Wolverton, Frank B; 
Hedrick, Ellen L, AT&T Information Systems; Computer 
Design, 11/01/86, pg 117, 4 pgs. 

Here come the tools to design 50,000-gate ASICs. McLeod, 
Jonah, Staff Editor; Electronics, 02/05/87, pg 55, 4 pgs. 
Lisp tackles real data and abstract concepts. Sa Richard 

P, Lucid; Computer Design, 03/15/87, pg 78, 6 pgs. 

Mainframe architectures and compiler techniques power 32-bit 
micros. Marrin, Ken, Staff Editor; Computer Design, 02/01/ 
87, pg 97, 12 pgs. 

New compilers feature flexibility and fewer restrictions. Martin, 
Steven L, Contributing Editor; Computer Design, 02/15/87, 
PY 34, 2 pgs. 

Parallel processing makes compiler advances. Meng, Brita, Staff 
Editor; Digital Design, 03/87, pg 61, 3.5 pgs. 

Second-generation compilers optimize semicustom circuits. 
Rowson, Jim; Trimberger, Steve, VLSI Technology; Elec- 
tronic Design, 02/19/87, pg 92, 5 pgs. 

Software-development environments’ grow interactive. 
Suydam, William, Contributing Editor; Computer Design, 
04/15/87, pg 45, 5 pgs. 

Special report: AI boosts IQ of silicon compilers. McLeod, 
Jonah, Staff Editor; Electronics, 04/30/87, pg 54, 4 pgs. 
The first GaAs compiler is already producing chips. McLeod, 
Jonah, Staff Editor; Electronics, 04/30/87, pg 58, 3 pgs. 


Computer operating systems/system software 

A work station that runs Unix and MS-DOS side by side. Staff; 
Electronics, 11/13/86, pg 63, 3 pgs. 
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Who manages the power in 
Honeywell’s AEWTS and ETS? 


Honeywell’s Dual-Port Advanced Electronic Warfare 
Test Set (AN/USM-487), shown here, is designed for 
testing the Joint Services AN/ALQ-165 Airborne Self- 
Protection Jammer, and six other EW systems, to meet 
stringent Navy shipboard throughput requirements. 
Their Electronic Test Set (AN/USM-603) has been se- 
lected for intermediate level testing and fault isolation of 
line replaceable units from the USAF AN/ALQ-172 elec- 
tronic warfare system. 

Kepco’s Series ATE Power Managers interfaced to an 
IEEE bus through Kepco SNR 488-8 digital program- 
mers, manage all the controlled power requirements, for 
both systems, furnishing the critical programmed test 
voltages and logic levels to the unit under test. 

The Kepco Power Managers are linear program- 
mable power supplies that have been especially de- 
signed for programming applications, using either 
analog or digital control signals. They can scale a 
uniform 0-1V or 0-10V control signal into any desired 
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This Honeywell AEWTS incorporates ten Kepco ATE Power Managers (A), 
programmed by two Kepco SNR 488-8 Digital Programmers (B). 


output within their range, and respond to programming 
step inputs in microseconds. They control voltage to 
0.001% and current to 0.005%, from zero through their 
entire range, and give you maximum rated voltage and 
maximum rated current at the same time. 

They offer, in short, the most precise, the most flexible 
control of power available. 

To learn more, write to Dept. KDF-12. 


THE POWER SUPPLIER ™ 


KEPCO, INC. * 131-38 SANFORD AVENUE, FLUSHING, NY 11352 USA « (718) 461-7000 » TWX #710 582 2631 * FAX (718) 767-1102. 
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Their relichic operation turns every tabard into paradise. 
It’s a simple fact: to do more in factory automation, give your local islands of automa- 
tion the ability to do more...with Harris industrial- erade 80C86 TRICE OC ES 
and peripherals. = 
The Harris 80C86 family is designed and built for meastiak full temperature range x 
operation (—40 °C to +85°C)— not cherry-picked from commercial product. They thrive 
in the toughest conditions — shock, heat, vibration, contaminants and more. Their high ~— 
performance under these adverse conditions increases system reliability, 
factory throughput and your competitiveness. 
_ Our proven static circuits give you the flexibility to design the lowest-power systems : 
possible by running the system. at the speed youn sd and Mees when er need it.. from _ 


your system t new levels of function an 1 fle xibility, whether yo ir eee . 
robots, data acq isition ahi prone and numerical controllers or advanced : 


instrumentation. 


Gone your Harte Semicbridte or travel agent ad fee sia | OF Ly 
paradise. Harris Semiconductor Sales Ltd., Eskdale Road, Wit e 
Berks, RG1l 5TR, England. Phone 0734- 698787. | 


IN INDUSTRIAL CMOS, 
THE NAME JS 


HARRIS 


Harris Semiconductor: Analog - CMOS Digital 
Gallium Arsenide - Semicustom - Custom 


GG HARRIS 


©1987, Harris Corporation 
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The Rimfire® 

3500 SCSI Host Bus 
Adapter is for VMEbus users 
who want it all. Performance. 
Versatility. And low price. 

It's for designers who want 
to pass through any com- 
mand—including vendor-unique 
and CCS commands-—directly 
to SCSI devices. 

It's for those who want a 
simple command queuing soft- 
ware interface, free of timing 
restrictions. For those who want 
to conserve bus bandwidth 
with a 30 Mbyte/sec VMEbus 
burst rate. 

And for those who want to 
overlap commands on peri- 
pheral devices, the adapter 


supports disconnect/reconnect. 


The Rimfire 3500 adapter is 
for integrators who want floppy 
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Our high performance 
~ VMEbus/SCSI! adapter won't 

take a bite out of 
your wallet. 


support for up to 4 dual or quad 
density drives. 

For those looking ahead to 
faster data rates, the Rimfire 
3500 adapter provides 4.0 
Mbyte/sec synchronous as well 
as 1.5 Mbyte/sec asynchronous 
transfer rate capability. For inter- 
connection flexibility, differential 
transceivers are an option. 

Behind all this high perfor- 
mance is Ciprico support. A full 
staff to develop and support 
UNIX® drivers. Factory and field 
support engineers. 48-hour turn- 
around on board repair. And the 
expertise gained from over 
40,000 disk and tape controller 
boards installed worldwide. 


Ciprico Inc. 

2955 Xenium Lane 
Plymouth, MN 55441 
612-559-2034 


CIPRICO 
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For more information call from your modem 1-800-332-0012 
(300-1200 baud, 8 bit, no parity 1 stop bit) and enter the access code 


CIPBUS2 when prompted. (In VA call 703-476-5255) 


As for price... 

The Rimfire 3500 adapter is 
the best price/performance 
VMEbus/SCSI adapter you can 
get. OEM pricing is under $995. 


The Ciprico Rimfire 
3500 Host Bus Adapter 
= * enables VMEbus sys- 
|: — tem developers to take 
|» full advantage of any 
high performance SCSI 
device. Software sup- 
port for the board 
includes drivers for the 
System V and BSD 4.2 
versions of the UNIX 
operating system. 


UNIX is a registered 
trademark of AT&T. 
Ciprico and Rimfire are 
registered trademarks of 
Ciprico Inc. 


You can take us for granted. 
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Advanced Micro Devices; EDN, 01/22/87, pg 167, 8 pgs. 
Serial data races at parallel rates for the best of both worlds. 
Connor, Gary, et al, Advanced Micro Devices; Electronic 

Design, 01/22/87, pg 79, 5 pgs. 

Synchronous-network circuit boosts network flexibility. 
Vesuna, Sarosh N, Advanced Micro Devices; EDN, 11/13/86, 
pg 231, 6 pgs. 

Use statistics to test communications systems efficiently. Cobb, 
Rk F, Harris Corp; EDN, 01/08/87, pg 143, 9 pgs. 

Use structured arrays for high-performance data processing. 
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Chang, Yen, LSI Logic Corp; EDN, 04/15/87, pg 177, 6 pgs. 


Data converters 

CMOS ADC achieves reliable 12-bit resolution. Reidy, John, 
Wynne, John, Analog Devices; EDN, 03/04/87, pg 131, 13.5 
pgs. 

Comparing ADC architectures is a designer’s best bet. Koen, 
Mike, Burr-Brown; Electronic Design, 01/22/87, pg 119, 4 
pgs. 

Data-acquisition system fits on a smart peripheral chip. Yager, 
Charles, Micro Linear; Electronic Design, 03/05/87, pg 85, 5 


pgs. 

Fast A/D converters accelerate the development of sample/hold 
amplifiers. Fleming, Tarlton, Associate Editor; EDN, 03/31/ 
87, pg 59, 4 pgs. 

Fast-settling op amps aid in data conversion. Kitchin, Charles, 
et al, Analog Devices Semiconductor; EDN, 03/18/87, pg 185, 
3.9 pgs. 

Hardware methods improve 1-chip A/D converters. Sidman, 
Steven, Harris; EDN, 02/05/87, pg 139, 13.5 pgs. 

Interface options enhance fast video converter. Price, John; 
Morgan, Dennis, Motorola Semiconductors; Electronic 
Products, 12/15/86, pg 31, 4 pgs. 

New D-A converters boast higher performance and lower cost. 
Mayer, John H, Staff Editor; Computer Design, 03/15/87, pg 
90, 5 pgs. 

Resolver-to-digital IC makes move to monolithic. Sylvan, John, 
Analog Devices; Electronic Design, 02/05/87, pg 84, 6 pgs. 

Synchronous VFC enhances accuracy in analog-input systems. 
DeVito, Larry, Analog Devices Semiconductor; EDN, 11/13/ 
86, pg 269, 9.5 pgs. 

Tapping the analog world for serial 10-bit data. Redfern, Thom- 
as P; Rempfer, William, Linear Technology; Electronic 
Products, 04/01/87, bg 32, 7.5 pgs. 

The standouts among fast converter ICs. Spadaro, Joseph J, 
Staff Editor; Electronic Products, 02/15/87, pg 29, 4 pgs. 
Thermal-tracking IC converts rms to de. Williams, Jim, Linear 

Technology Corp; EDN, 02/19/87, pg 137, 15 pgs. 

Video hybrid digitizes images at RS-170 rates. Hansford, Alan, 

Analog Devices; Digital Design, 03/87, pg 50, 3 pgs. 


Data encryption/decryption/verification 

Availability of cryptographic ICs augurs the increasing use of 
data encryption. Terry, Chris, Associate Editor; EDN, 01/ 
22/87, pg 63, 4 pgs. 


Data loggers/recorders 

Design steps improve effective resolution of digitizing scopes, 
waveform digitizers. Everett, Chris, Regional Editor; EDN, 
01/08/87, pg 61, 5.5 pgs. 


Data processing 

1987 U.S. market report: Data processing. Staff; Electronics, 
01/08/87, pg 54, 4 pgs. 

Add-in facsimile boards enable users of PCs to transfer CAE 
graphics in real time. Terry, Chris, Associate Editor; EDN, 
03/04/87, pg 53, 2.66 pgs. 

Fast-settling op amps aid in data conversion. Kitchin, Charles, 
et al, Analog Devices Semiconductor; EDN, 03/18/87, pg 185, 
3.9 pgs. 


Design services 

Parameterizable cells strike middle ground between fixed and 
compiled cells. Bloom, Michael, Contributing Editor; Com- 
puter Design, 11/01/86, pg 24, 5.5 pgs. 


Development systems 
In-circuit emulators crowd eagerly onto the PC platform. Leon- 
ard, Milt, Staff Editor; Electronic Products, 02/01/87, pg 19, 


4 pgs. 
wP simulators let you debug software on an IBM PC. Wright, 
Maury, Regional Editor; EDN, 12/11/86, pg 196, 6.5 pgs. 


Digital multimeters (DMMs) 

Hand-held DMMs exploit custom CMOS ICs to boost accuracy 
and add features. Costlow, Terry, Staff Editor; Electronic 
Design, 11/27/86, pg 75, 5 pgs. 


Digital signal processing 

AT&T packs performance into its one-chip DSP. Staff; Electron- 
ics, 02/19/87, pg 74, 2 pgs. 

CMOS DSP chip packs punch of a supercomputer. Simar, J7, 
Ray; Hames, Mike, pa Instruments; Electronic Design, 
03/19/87, pg 103, 5.5 pgs. 

DSP: A technology in search of applications. Marrin, Ken, Staff 
Editor; Computer Design, 11/15/86, pg 59, 14 pgs. 

The multiple choices in DSP chips. Myrvaagnes, Rodney, Staff 
Editor; Electronic Products, 04/15/87, pg 60, 8.5 pgs. 
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The star of single-chip digital signal processing is rising. Bader, 
Maryann L, Bader Associates; Electronic Products, 01/15/ 
87, pg 41, 2 pgs. 

Digitizers 

ASIC-verification systems speed prototype testing, but system 
capabilities vary. Everett, Chris, Regional Editor; EDN, 
11/27/86, pg 51, 8 pgs. 

Digitizing instruments: Making a fair comparison. Manieri, 
Lawrence J, Sequence; Electronic Design, 11/20/86, pg 121, 
3.5 pgs. 

Digitizing scopes sweep away complex measuring problems. 
White, David, Tektronix; Electronic Design, 11/27/86, pg 
111, 5 pgs. 


Discrete components, other 
1987 U.S. market report: Components. Staff; Electronics, 01/08/ 
87, pg 72, 3 pgs. 


Disk controllers 

Bridged SCSI controllers remain viable regardless of emerging 
embedded controllers. Wright, Maury, Regional Editor; 
EDN, 02/19/87, pg 69, 5 pgs. 

Compiler allows Ada development on an IBM PC/AT. Tetewsky, 
Avram, et al, Charles Stark Draper Laboratory Inc; EDN, 
02/19/87, pg 157, 7.5 pgs. 

Modular architectures break I/O bottleneck. Venkatesh, G 
(Ven), Adaptec; Digital Design, 12/86, pg 56, 3 pgs. 


Disk encoders 

Constant-density recording comes alive with new chips. Young, 
Mark S, Advanced Micro Devices; Electronic Design, 11/13/ 
86, pg 141, 4 pgs. 


Displays 
Display modules span existing technologies, suit diverse uses. 
Fleming, Tarlton, Associate Editor; EDN, 12/25/86, pg 124, 


6 pgs. 
LCDs lead the assault on CRT’s dominance. Williams, Tom, 
Staff Editor; Computer Design, 11/01/86, pg 53, 5 pgs. 
Next-generation LCDs abound with options. Confrey, Jack, 
Epson America; Electronic Products, 11/03/86, pg 85, 3 pgs. 


E 


Employment/labor relations/personnel/recruitment 
Former engineers parlay technical expertise into new careers. 
Asbrand, Deborah, Staff Editor; EDN, 12/25/86, pg 169, 3.5 


pgs. 
“Information revolution” may not make jobs. Patton, Carole, 
Staff Editor; Electronic Design, 02/05/87, pg 16, 0.5 pgs. 
Laid-off engineers find the experience painful but survivable. 
Asbrand, Deborah, Associate Editor; EDN, 01/22/87, pg 303, 
4 pgs. 

Recruiting engineers to the South Brenx is a task less difficult 
than it seems. Asbrand, Deborah, Staff Editor; EDN, 12/11/ 
86, pg 305, 3 pgs. 


Engineering workstations 

A work station that runs Unix and MS-DOS side by side. Staff; 
Electronics, 11/13/86, pg 63, 3 pgs. 

CAE takes to mainstream to reach all designers. Weiss, Ray, 
Staff Editor; Electronic Design, 02/05/87, pg 62, 7 pgs. 

General-purpose machines and PCs emerge as AI platforms. 
Hindin, Harvey J, Staff Editor; Computer Design, 11/01/86, 
pg 43, 6 pgs. 

Hierarchical-level CAE system features snap and simplicity. 
Miadejovsky, Michael, Hewlett-Packard Salt Lake Cericor 
Operation; Electronic Design, 02/19/87, pg 113, 4 pgs. 

Pe-board workstation links production to design. White, Lisa D; 
LeBrun, Jim, Cadnetix; Electronic Design, 03/19/87, pg 117, 
3D pgs. 

Processor board recasts PC into 5-MIPS Unix workstation. 
Lundell, Jon, et al, Opus Systems; Electronic Design, 03/05/ 
87, pg 119, 4.5 pgs. 

Sony packs power into low-cost work stations. Staff; Electronics, 
03/19/87, pg 79, 3 pgs. 

Workstations leap ahead toward interactive CAE goal. Lin, 
Patrick; Lauta, Andy, Daisy Systems; Electronic Design, 
04/30/87, pg 113, 4 pgs. 


Ergonomics/product design 

Behavioral models and hardware modelers simulate pe boards 
containing VLSI devices. Freeman, Eva, Associate Editor; 
EDN, 11/13/86, pg 65, 5.33 pgs. 
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Fiber optics 

Fiber-optic testers determine faults in short-haul networks. 
Conner, Margery S, Regional Editor; EDN, 12/25/86, pg 98, 
6 pgs. 

Influence of fiberoptic Ethernet LANs expands. Mokhoff, Nicol- 
as, Staff Editor; Computer Design, 01/15/87, pg 41, 3 pgs. 

Next step for fiber optics: The local loop. Rae, Robert, 
Staff Editor; Electronics, 11/27/86, pg 61, 4 pgs. 


Flexible circuits 
Focus on conductive elastomers. Bernhard, Robert, Electronic 
Design, 11/20/86, pg 149, 5 pgs. 


Floppy-disk drives 

Intelligent peripheral interface standard permits data-transfer 
rates of 10M bytes/sec. Wright, Maury, Regional Editor; 
EDN, 01/08/87, pg 105, 6 pgs. 

Knowing error sources lets you evaluate hard-disk drives. 
Robinson, George, FlexStar Corp; EDN, 02/05/87, pg 165, 6 


pgs. 
Run-length-limited coding increases disk-drive capacity. Cloke, 
Bob, Priam Corp; EDN, 03/31/87, pg 199, 4 pgs. 


Frequency synthesizers/synthesis/measurement 

ASIC-verification systems speed prototype testing, but system 
capabilities vary. Everett, Chris, Regional Editor; EDN, 
11/27/86, pg 51, 8 pgs. . 


Fuses 
Fuses and circuit breakers stay in season. Chin, Spencer, Staff 
Editor; Electronic Products, 12/15/86, pg 41, 4 pgs. 


G 


GaAs technology 

Digital GaAs ICs make their move. Tunick, Diane, Staff Editor; 
Electronic Design, 04/16/87, pg 35, 2 pgs. 

GaAs ICs add gain block to rf designer’s arsenal. Schappacher, 
Jerry, Harris Microwave Semiconductor; Electronic De- 
sign, 03/05/87, pg 109, 2.5 pgs. 

GaAs VLSI progresses toward commercial viability. Bond, 
John, Contributing Editor; Computer Design, 01/15/87, pg 
31, 4 pgs. 

GaAs bit-slice processors blaze past silicon equivalents. Aseo, 
Joseph, Staff Editor; Digital Design, 12/86, pg 22, 1 pg. 
GaAs chips strive to mirror silicon functions. S ro, Joseph J, 
Staff Editor; Electronic Products, 01/01/87, pg 41, 4 pgs. 
GaAs wedges deeper into digital LSI market. Leonard, Milt, 
Staff Editor; Electronic Products, 04/15/87, pg 15, 2 pgs. 
Hughes breaks speed record for digital gallium arsenide. Waller, 

Larry, Staff Editor; Electronics, 12/18/86, pg 31, 1 pg. 

Military electronics. Allan, Roger, Staff Editor; Electronic 
Design, 01/22/87, pg 62, 8 pgs. 

The first GaAs compiler is already producing chips. McLeod, 
Jonah, Staff Editor; Electronics, 04/30/87, pg 58, 3 pgs. 
Wideband GaAs op amps push onto silicon’s turf. Staff; Elec- 

tronics, 11/27/86, pg 77, 1 pg. 


Gate arrays 
Customizing a gate array, Part 4. Gabay, Jon, Staff Editor; 
Electronic Products, 12/15/86, pg 23, 5 pgs. 


Government 
U.S. Ine.: IC makers still debate role of production consortium. 
Barney, Clifford, Staff Editor; Electronics, 03/05/87, pg 31, 1 


Pg. 

West Germany grabs the lead in X-ray lithography. Gosch, 
John, Staff Editor; Electronics, 02/05/87, pg 78, 3 pgs. 

Will Sematech fly? The next three months will tell. Barney, 
Clifford, Staff. Editor, et al; Electronics, 03/19/87, pg 31, 1.5 
pgs. 


Graphics boards 

A versatile architecture for imaging. Casey, Patrick, Imaging 
Technology; Digital Design, 02/87, pg 81, 3.5 pgs. 

Convolution hardware accelerates imaging tasks. MacRae, 
David, Matrox Electronic Systems; Digital Design, 01/87, pg 
08, 3.5 pgs. 

Graphics chips, boards bring CAD to personal computers. Gold, 

artin, Staff Editor; Electronic Design, 02/19/87, pg 67, 5 

pgs. 
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Imaging boards put algorithms in hardware to up throughput. 
eir, Tony, Vision Systems; Digital Design, 03/87, pg 55, 3 


pgs. 

PC AT graphics must link performance and compatibility. 
Williams, Tom, Staff Editor; Computer Design, 02/01/87, pg 
30, 2.5 pgs. 

Squeeze your image on the PC. Silver, David, KoFax Image 
Products; Digital Design, 02/87, pg 66, 3 pgs. 


Graphics circuits 

A moment in the sun for TI’s 34010 graphics processor. Cole, 
Vera Jean, Staff Editor; Electronic Products, 03/15/87, pg 
19, 2 pgs. 

Chip set brings bit mapping to low-end CRT displays. 

acKenna, Craig, et al, Signetics; Electronic Design, 01/22/ 
87, pg 88, 4 pgs. 

Graphic chips help display fonts without a bit map. Strupat, 
Achim, Advanced Micro Devices; Electronic Design, 11/20/ 
86, pg 141, 5 pgs. 

Graphics and DSP ICs speed PC imaging. Chauvin, J W, et al, 
University of Washington; Digital Design, 01/87, pg 49, 2.5 
pgs. 

Graphics engines. Conner, Margery, Regional Editor; EDN, 
03/04/87, pg 112, 9 pgs. 


Graphics systems 

A million pixels and up launched on IBM PCs. Chester, Michael, 
Staff Editor; Electronic Products, 01/01/87, pg 14, 2.5 pgs. 

Bringing solids modeling to the PC. Leszkowicz, Irene, Matrox 
Electronic Systems; Digital Design, 04/87, pg 57, 3 pgs. 

Color graphics homes in on bus computers. Lieberman, David, 
Staff Editor; Electronic Products, 01/01/87, pg 47, 6 pgs. 

DEC graphics—Board vendors provide low-cost alternatives. 
Wilson, Andrew C, Staff Editor; Digital Design, 01/87, pg 
39, 2 pgs. 

General-purpose machines and PCs emerge as AI platforms. 
Hindin, Harvey J, Staff Editor; Computer Design, 11/01/86, 
pg 43, 6 pgs. 

Graphics chips, boards bring CAD to ee computers. Gold, 
Martin, Staff Editor; Electronic Design, 02/19/87, pg 67, 5 


pgs. 
Graphics developments geared toward speed and capacity. Wil- 
tams, Tom, Staff Editor; Computer Design, 12/86, pg 127, 8 


gs. 
LCDs lead the assault on CRT’s dominance. Williams, Tom, 
Staff Editor; Computer Design, 11/01/86, pg 53, 5 pgs. 
Optimize your graphics system for 2-D and 3-D. Khurana, 
Anoop S, et al, Advanced Micro Devices Inc; EDN, 03/18/87, 
pg 161, 12.5 pgs. 
PC graphics hardware dictates standards at high end. Wilson, 
Wa ieen C, Staff Editor; Digital Design, 02/87, pg 37, 4 pgs. 
Subsystem breaks through high-end image-processing barriers. 
Shapiro, Sydney F, Staff Editor; Computer Design, 02/15/ 
87, pg 56, 2.5 pgs. 


H 


Hardware/interconnection, other 
Power planes increase wire-wrapped circuit speeds. Visco, P 
Anthony, Mupac Corp; EDN, 11/27/86, pg 225, 3 pgs. 


Heat sinks/cooling devices 

Heat-removal devices hold semiconductors within operating 
ranges. Travis, Bill, Senior Editor; EDN, 12/11/86, pg 77, 6 
pgs. 

Hybrid circuits 

Hybrid isolation amps zap price and voltage barriers. Smith, 
Greg, Burr-Brown; Electronic Design, 12/11/86, pg 91, 4.5 
pgs. 


I 


Imports/exports 

Overseas market report: Another tough year. Staff; Electronics, 
01/22/87, pg 65, 23 pgs. 

U.S. chi alee ress for dumping sanctions. Berger, Michael, 
Staff Editor; lectronics, 11/27/86, pg 30, 0.5 
pgs. 
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INTRODUCING FUJITSU’S = 
NEW 8" DISK DRIVE. 


Our best 
performance 
numbers yet. 


Our new 8” Winchester offers an 
improved access time of l6ms. 690MB 
of storage. And 35,000 hours MTBF. , 

Three of the best numbersin 
the business. Thats quality. Thats — 
reliability, Thats the performance 

ou should demand. 
And were delivering 


M2322K M2333P_ M2333K M2344K 


production quantities. casacy seme a77MB337MB 

ItsSCSI compat- “"eecctime zoms vit sa ad | ! 
ible, too. Because OUr “yea ote muse pause Dame including Winchester, 
Intelligent Disk Se tape, optical and flexible 


——— drives. 408-432-1300. 
Or write Fujitsu America, Computer 


Controller provides = 
single-ended or differentia 


Common Command Set support for easy Products Group, 3055 Orchard Drive, 
integration. San Jose, CA 95134-2017 
Whats more, our new 8” disk drive has a You ll find we have all the right numbers. 
dual-supported 
spindle that 
improves ther- 
mal off-track 
performance. 
And great 
increases shoc A COMPANY WITH CHARACTER AND DRIVE 
tolerance. 
— So call for silanol 
more information. On this or any of our 
famous family of data storage products, alg inborn moral 
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. NEWSLETTER FROM SAMSUNG SEMICONDUCTOR 


¢ VOLUME ONE, NUMBER TWO 


DIRECT REPLACEMENT 
POWER MOSFETS 


The competition 
has met tts matc 


Introducing direct replacement for IR and 
Motorola® MOSFETs. Samsung MOSFETs. 
The fastest, most rugged, most reliable 


die, higher yield, and lower cost. The entire 
family is supported by our technological 
partner, [XYS. 


MOSFETs in the industry. (2230 mJ at 500 v.) So call your 
We have the broadest product line of Samsung delivers local Samsung 
any supplier—over 300 part types in both higher performance, _ sales office today. 


P- and N-channels are available for imme- 

diate delivery, ranging from 60v. to 700v. 

In TO-8P, TO-220, TO-3 and TO-92L packages. 
We are the first and only supplier to use 

bulk CMOS processing that delivers smaller 


Ask for samples, 
a reliability 
report, or our new data book. Now you can 
replace IR and Motorola MOSFETs with 
something better. Samsung MOSFETs. 


at lower price. 


P &N Channel Part Types Available NOW IRFP423  IRFP9140 SSP4N60 IRF541 IRF710  IRF823  IRF9530 IRF9633 SSM6N55 IRF150 IRF253 IRF422 _ IRF9132 
IRFP430 IRFP9141 SSP2N6O IRF542 IRF711  IRF830 IRF9531 IRF9640 SSM4N55 IRF151  IRF320 IRF423 —_IRF9133 
Meant SANS. IREP ing IBEPspg (RFP431 IRFP9142 SSP6N55 IRF543 IRF712 IRF831 —‘IRF9532_‘IRF9641 © SSM20N50 IRF152 IRF321 IRF430-—_—IRF9140 
ToT N70 SetiooneS IREP20>  IBEPaso IRFP432 IRFP9143 SSP4N55 IRF610 IRF713 IRF832 —IRF9533.«IRF9642 © SSM4N5O_IRF153 IRF322IRF431—IRF9141 
SOHN. SeLOONd® IREDOo,  IREPao, |IRFP433 IRFP9230 SSP2N55 IRF6i1 IRF720 IRF833 IRF9540 IRF9643  SSM20N45 IRF220 IRF323.IRF432_—IRF9142 
SeHEN TO SeLSENGS IREDoe?  IBEPsa> IRFP440 IRFP9231 SSP4N50 IRF612  IRF721 IRF840 ‘IRF9541 N-Channel SSM25N40 IRF221 IRF330 IRF433.—IRF9143 
SeHGN’G SCHANIG. IREPoss inrpacs (nrP4si IREP9232 IRFSI0 © IRF6I9 §«IRE722IAFesi «= IRFOSM2 © 10-3 SSM25N35 IRF222 IRF331 IRF440 —_IRF9230 
Se ey reso. IREoce  InePsag 'RFP442 IRFP9233 IRFS11 ©‘ IRF620 IRF723«IRF842 ——IRF9543.« SSMION70 IRF120 IRF223.IRF332«IRF441—RF9231 
Se ONCD InEDicy  Ineboay npsay (|IREP443 IRFP9240 IRF512 © IRF62t_ IRF730 IRF843.«—IRF9610 SSMEN7O IRFI21 IRF230 IRF333.«IRF442 IRF 9232 
SET ENO IREPIa>  InEbo42 tipepaaa IRFP450 IRFP9241 IRF513 © IRF622IRF731 P-Channel IRF9611 SSM4N70 IRFi22 IRF231IRF340 IRF443.—IRF9233 
See) IGEPiog  IEcbo4a tiaePaag (IRPP451 IRFP9242 IRF520 IRF623 IRF732 70-220 IRFQ6i2 SSMSN70 IRFi23 IRF232 IRF341 IRF450 —_«IRF9240 
Se ee nepicn InEpose |nPaco IRFP452 IRFP9243 IRF521 IRF630 IRF733 IRF9510 IRF9613 + SSMI5N60 IRF130 IRF233«IRF342«IRF451 —IRF9241 
Se Nee RED Iay  IREDSr. Inepse, IRFP453 N-Channel IRF522 IRF631_IRF740_—‘IRF9511_‘IRF9620 SSM0N60 IRF131 IRF240IRF343.««IRF452.«—IRF9242 
Soe ee IREPa> InEPoee  inpasp P:Channel 0-220 IRF523 © IRF632«IRF741_IRF9S12IRF9621 SSM@NGO IRFIS2 © IRF241 IRF350 IRF453—_IRF9243 
Setlone, IREP Ida IREDoeS IEPaeg TO-3P_- SSPEN70 IRF530 IRF633.«IRF742««IRF9513. IRF9622. SSMEN6O IRF133 IRF242_IRF35i_—P-Channel N-Channel 
SS ee OIee IED a20 InEPaon IRFPS120 SSP4N70 IRFS31 IRF640 IRF743 IRF9520 IRFO623 ~SSM4NGO IRF140 IRF243«IRF352«-TO-3 =‘ TO-92L 
Se ON ee IREDICD  IREDooy IBEPao, IRFP9131 SSP3N70 IRF532  IRFe41 IRF820 IRF9521IRF9630 SSMI5N55 IRF141 —IRF250 IRF353_«IRF9130-_‘IRFL1Z0 
InEpaoe IRFP9132 SSP2N70 IRF533 IRF642 IRF821 —IRF9522.“IRF9631 SSMION55 IRF142 IRF251_‘IRF420_—“IRF9131_—_IRFL1Z3 
IRFP9133. SSP6NGO IRF540  IRF643 IRF822 IRF9523  IRF9632 SSM8N55 IRF143 IRF252_—sIRF421 
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Nobody ts moving faster in memory 
technology development than Samsung. 


Samsung now offers an extensive 
line of memories: DRAMs, 
EEPROMs and SRAMs. We are 
among the industry leaders, 
producing high quality, highly 
reliable memory products. Our 
industry-standard pin-for-pin 
compatible memories are all 
proprietary products of our own 
design, developed in our state-of- 
the-art R&D facility, utilizing our 
own technology and processing. 
We are determined to be your 
long term memory supplier. Our 
production facilities are inter- 
nationally recognized as being 
among the most advanced in the 
world. Samsung is one of the few 
semiconductor companies fabri- 
cating 6-inch wafers in produc- 


tion quantities. This advanced 
processing technology allows 
us to keep costs down and 
volume up. 

Samsung’s commitment to 
winning the memory game is 
underscored by the $600 million 
we re investing in memory prod- 
uct development and by our new 
80,000 square foot headquarters 
in San Jose, staffed by our 
160 person R&D team. This R&D 
facility has the ultimate in 
Class-1 clean room technology. 
A unique vertical laminar flow 
process helps us control every 
aspect of the fab environment to 
achieve the industry’s most 
exacting quality standards. & 


DRAMs 


You can see how fast our DRAM 
technology is progressing in the 
graphs on the right. 

Our 64K and 256K DRAMs 
are all available in production 
quantities now. You will be able 
to get engineering samples of 
our IMB DRAM this quarter, 
qualification samples will 
be available in mid 1987 with 
production ramp starting 
in the third quarter. 


Samsung now 
offers every major 
DRAM part type. 


We’re not stopping at 1-million 
bits. Our 4MB DRAM develop- 
ment program is right on track. 
Engineering samples will be 
available early next year. 


Samsung DRAM Development 
400K -—— 


> 
f—] 
f—) 
A 


40K t 


TRANSISTORS PER CHIP 


4K 
76 78 80 82 84 86 88 90 


YEAR 


DRAM Production Resolution 


78 80 82 84 86 88 90 92 
YEAR 


Samsung DRAMs are available 
in the most effective size, speed 
and organization combinations. 
Scan the chart below to find 
the right DRAMs for your 
applications. 

You can see from the picture 
that we package our DRAMs the 
way you want them: DIP, PLCC, 
SIP/SIMM and ZIP* If you’re 
looking for state-of- the-art,check 
out our 256 x 8 (or x 9) SIP and 


SIMM memory modules. 

We have the technology, we 
have an aggressive memory 
development program in place 
and we have the memory prod- 
ucts to meet your requirements, 
available now. Samsung is com- 
mitted to being your memory 
supplier. Call your nearest 
Samsung sales office for sample: 
and data sheets, today. &@ 


*Q3 
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DRAMs 
Density 64K 256K 256K 1 Mb 1 Mb 
Organization 64Kx1 256Kx1 64Kx4 1Mx1 206Kx4 
Availability Now Now Now Q3'87 Q3'87 
Technology NMOS NMOS NMOS CMOS CMOS 
Package DIP DIP, PLCC, DIP, PLCC, SOJ, SOJ, 
SIP/SIMM, SIP/SIMM, SIP/SIMM, SIP/SIMM, 
Zip" iP: ZIP ZIP 
Speed 150 ns, 120 ns, 120 ns, 80 ns, 80 ns, 
200 ns 150 ns 150 ns 100 ns, 100 ns, 
120 ns 120 ns 
Mode Page Page, Page Static Column Page 
Nibble Page, 


*Q3 '87 


Nibble 


EPROMs 


amsung 16K and 64K EEPROMs 
eet or exceed industry stan- 
ards. Endurance is rated at 
),000 erase/write cycles. Data 
ptention ratings are 10 years for 
r entire line. Moreover, our 


en it comes 
0 KEPROMs, 
e deliver. 


pin-out permits you to upgrade 
EPROMs without re-designing 
your entire PCB. Most impor- 
antly, our EEPROMs are 


EPROMs 


immediately available. 

We offer industrial tempera- 
ture operating range ( — 40° to 
+ 85°C) and high performance 
64K KM2864AH and KM2865AH 
EEPROMS. They feature write 
cycle times that are five times 
faster than standard parts. 

Samsung is known for reliabil- 
ity, quality and performance. 
And nobody beats our EEPROM 
prices. See for yourself. Call your 
Samsung sales office to get our 
EEPROM reliability report, 
data sheets or samples. & 
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Density 16K 16K 64K 64K 64K 64K 
PartNumber KM2816A KM2817A KM2864A KM2864AH KM2865A KM2865AH 
Availability Now Now Now Now Now Now 
Package 24 Pin 28 Pin 28 Pin 28 Pin 28 Pin 28 Pin 
Plastic Plastic Plastic Plastic Plastic Plastic 
DIP DIP DIP DIP DIP DIP 
Speed 250 ns, 250 ns, 200 ns, 200 ns, 200 ns, 200 ns, 
300 ns, 300 ns, 250 ns, 250 ns, 250 ns, 250 ns, 
350 ns 350 ns 300 ns 300 ns 300 ns 300 ns 
Endurance — 10,000 10,000 10,000 10,000 10,000 10,000 
Erase/Write Erase/Write Erase/Write Erase/Write Erase/Write Erase/Write 
Cycles Cycles Cycles Cycles Cycles Cycles 
End of RDY/BSY DataPolling DataPolling RDY/BSY, RDY/BSY, 
Write Scheme Data Polling Data Polling 
Byte Write 10 ms 10 ms 10 ms 2ms 10 ms 2ms 
Time write/byte — write/byte write/byte write/byte  write/byte _write/byte 


SRAMs 


Samsung is making the same 
commitment to SRAMs that 

we make to all our memory 
products. Samsung is increasing 
Static RAM production rather 
than cutting back the way some 
other manufacturers are. And we 
are expanding our SRAM line as 


we develop the next generation 
256K and fast 64K CMOS Static 
RAMs. Check our offerings in 
the chart below. Then call your 
Samsung sales office for samples 
and data sheets. Make Samsung 
your quality SRAM supplier. &@ 
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SRAMs 

Density 64K 64K 64K 64K 

Part Number KM6264-12 KM6264-15 KM6264L-12 KM6264L-15 

Organization 8Kx8 8Kx8 8Kx8 8Kx8 

Availability Q4 Now Q4 Now 

Technology MIX-MOS MIX-MOS MIX-MOS MIX-MOS 

Package 28 Pin 28 Pin 28 Pin 28 Pin 
DIP DIP DIP DIP 

Speed 120 ns 150 ns 120 ns 150 ns 

Standby imA imA 100 A 100 pA 

Current Max. Max. Max. Max. 


Samsungs 54/74 AHCT 
and 54/74 HCTLS CMOS 
Logic gwes you the 
most comprehensive 
selection of LS, ALS and 
FAST replacements. 

61 parts now-S&6 more 


in Q3. 


Replace LS, ALS and FAST with 
AHCT and HCTLS CMOS logic 
parts from Samsung—right 
now. Look at the advantages we 
can offer you. And at prices 
comparable to bipolar! 


Comparison of Key Parameters 
for a 244 Octal Buffer 


“Fairchild FACT ™ 


You get low power, wide oper- 
ating supply and temperature 
ranges, superior noise immunity, 
rail-to-rail output voltage swings 
and the low input currents of 
CMOS, combined with the high 
speed and drive capability 
of bipolar. 

Unlike older performance- 
limited HC and HCT logic 
families, Samsung’s high perfor- 
mance CMOS logic matches 
bipolar speed and drive. 24 mA is 
guaranteed. Moreover, our CMOS 
logic allows you to interface 
directly with all types of TTL, 
NMOS and CMOS circuitry. 


FAST is a trademark of Fairchild Semiconductor Corp. 


Compare the power dissipa- 
tion of Samsung’s AHCT/HCTLS 
logic to bipolar LS/ALS/FAST. 
Our logic consumes 100,000 
times less power at low frequen- 
cles and 10 times less power at 
10 MHz. CMOS voltage swings 
also give you up 
tothree times the 
noise immunity. 

Ask us and we'll 
send you two free 
samples each of up 
to five part types. 
Just call your local 
Samsung sales office and specify 
AHCT or HCTLS with your part 
number. Use this list to order 
your samples and to see what’s 


Order your free 
samples today. 


coming later this year. Take 
advantage of Samsung’s cool 
running, highly reliable, high 
performance CMOS logic. 


(continued on next page) 
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For product information call your local Samsung sales office. 


Flash Converter features 
independent 5-bit A to D and 10-bit 
D to A functions on a single chip. 


The new KSV3100A flash con- 
verter is the latest and most 
impressive addition to Samsung’s 
extensive line of linear products. 
The monolithic KSV3100A pro- 
vides independent 8-bit flash 
A/D converter and 10-bit R-2R D/A 
converter functions over an oper- 
ating range of DC to 38.5 MHz. 

The single-chip architecture 
of the KSV3100A allows you to 
design-in with a single board 
rather than many. This saves real 
estate and gives you room to add 
more features to your system. 
Using fewer parts also raises the 
reliability of your system. 

Samsung has designed a num- 
ber of useful features into our 
new flash converter. You can 
choose between selectable peak 
level or keyed clamping. And the 
device’s absolute non-linearity 
is rated at 1 per cent. 

We also provide you with 
the support chips you need. 
Our KA2606 Sync Separate IC, 


38.5 MHz 


KA2153 Chrominance Signal 
Processor for NTSC systems, and 
KA2154 Video Chroma Deflection 
System for NTSC and PAL sys- 
tems make it easy to integrate 
the KSV3100A into your video 
applications. 

Samsung’s flash converter 
prices are unbeatable. The chart 
shows our 100 piece KSV3100A 
Flash Converter prices: 


KSV3100 AN —10 $48.90 
KSV3100 AN -9 $32.60 


KSV3100 AN —8 $24.45 
KSV3100 AN —7 $14.67 
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CMOS LOGIC ccmiinned 


KS/74AHCT & KS/74HCTLS Part Types 


Gates & Inverters Flip-Flops Transceivers/Registered Multiplexers 
00 14* ia 399* Transceivers 157° Hao 
01 20* 74 534 242* 643 652" 153° 257 
02 21° 76* 564 243° 645 658* 157 258 
03 oe. 78* 574 245 646 659" 158 S52. 
04 dl i 107 670* 640 648 664" 251° oon 
. oa hee el . “ Shift Registers 
09 58" 173* 822° Counters 164 299" 
10 86 174 823* 160 169” 590* 165° 595" 
11 132" 175 824* 161 191* 591° 166 596* 
12 133" 973 825* 162 193* 592* 194* 50/7" 

266 374 826" 163 390* 593" 195* 

377" 168* 393 An . 

Buffers & Line rithmetic Circuits 
Drivers Latches Decoders/Encoders 280" : 
126" 368 373 841* 138 154* 239 519* 684* 
210 465° 533 ao ~=—l' 155° seg =. 
240 466* 563 843* a / 
241 467,—s«*573 os fl eo 689 
244 468* 
365 540 
366 541 


*Part Types Available in Q3—All Other Part Types Available Now. 
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SANSUNG 


Semiconductor 
3725 N. First Street 


SOT-23s 


Samsung has the SOT-23s you're 
looking for: industry standard 
NPN and PNP epitaxial tran- 
sistors implemented in the 
internationally standardized 
micro-package. 

Samsung SOT-23s are ideal for 
both hybrid and surface mount- 
ing. Our SOT-23 micro-packaging 
saves real estate, slashes costs 
and boosts system reliability. 

We also offer a broad range of 
TR products: industry standard 
TIP-series power transistors, 
high-speed high-voltage switch- 
ing power transistors, power 
Darlington transistors and our 
TO-8P silicon mesa transistors— 
they’re rated at 1500 Volts! 

Call your Samsung sales 
office for our SOT-23s or New 
Transistor data book. &@ 
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SALES OFFICES 


AL EMA 

AZ Haas & Associate, Inc. 
CA Quest-Rep (619) 546-1933 
CA Samsung Semiconductor (408) 727-7433 
CA Samsung Semiconductor (714) 662-3406 


(205) 536-3044 
(602) 994-3813 


CA SYNPAC (408) 988-6988 
CA Westar (714) 835-4711 
CO Electrodyne (303) 695-8903 
CT Phoenix Sales (203) 438-9644 
FL Lawrence Associates (305) 368-7373 


(813) 584-8110 
(305) 339-3855 
(404) 448-1215 
tu IRI (312) 967-8430 
Samsung Semiconductor (312) 310-9780 
STB (317) 844-9227 
Samsung Semiconductor (617) 273-4888 
Tech Comp (617) 449-7928 
ATS (301) 789-9360 


GA EMA 


LINEAR ICs 


Samsung offers a full line of 
linear products, in addition to 
converters, including: amplifiers 
timers, regulators, comparators, 
telephone ICs, power amplifiers 
and a number of other ICs. 
Samsung’s entire line of stan- 
dard parts is now available in 
production quantities. A numbe 
of our key linear offerings are 
listed below: 


Data Conversion 

KS7126 3'2 Digit CMOS A/D Converter 

KS25C02 8 bit CMOS Successive Approx. 
Register 

KS25C03 8 bit CMOS Successive Approx. 
Register 

KS25C04 12 bit CMOS Successive Approx. 

Register 


Voltage Regulators Op Amps 
MC7Exx LM741 
MC78Mxx MC 1458 


MC78Lxx MC4558 
MC79xx LM358/A 
MC79Mxx LM348 

LM317T LM324/A 


w.A78S40 MC3403 


Timers Comparators 
KS555 (CMOS) LM311 
NE555 LM393/A 


NE556 
NE558 


LM339/A 


Tone Decoder 


Interface LM567 | 
MC 1488 LM567L 
MC1489/A (Micropower) 

Telephone 
KA2410 Tone Ringer 
KA2411 Tone Ringer 
KA2412A Speech Network 
KA2420 Speaker Phone 
KA2413 DTMF — 
KS5808 DTMF 
KS5805A/B_s~Pulse Dialer 

Others 


KS5803A/B _IR Transmitter 


KA2181 IR Preamplifier 

KA2182 IR Preamplifier 

KA2183 IR Preamplifier 

MC3361 FM IF Amplifier 

KA2803 Ground Fault Detector 
KA2084 Zero Voltage Switch 
LM386 Audio Power Amplifier 


Call your local Samsung sales 
representative for a Data Book 
that includes our Cross Refer- 
ence Guide and samples. 
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Electrodyne 
Earl & Brown 
IRI 


CANADA GNT 
CANADA Terrier 


MI C.B. Jensen (313) 643-0506 
MN _sIEl (612) 571-0000 
NC EMA (919) 847-8800 
NJ NECCO (201) 461-2789 
NM __ Nelco Electronix (505) 292-3657 
NY Reagan-Compar (518) 489-4777 
(716) 271-2230 

(607) 723-8743 

(315) 732-3775 

OH JN. Bailey — (613) 687-1325 
(216) 273-3798 

(614) 262-7274 

OR Earl & Brown (503) 245-2283 
PA RJ (215) 631-1414 
SC EMA (803) 233-4637 
TX Samsung Semiconductor (214) 239-0754 
TX — Vielock (214) 881-1940 


(801) 486-3801 
(206) 885-5064 
(414) 259-0965 
(604) 430-6677 
(416) 622-7558 
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In-circuit emulators/emulation 
ICE makers grapple with 32-bit microprocessors. Goering, 
Richard, Staff Editor; Computer Design, 12/86, pg 46, 2 pgs. 


Inductors 

Magnetic materials provide the final piece to the high-frequency 
switching-supply puzzle. Small, Charles H, Associate Edi- 
tor; EDN, 03/04/87, pg 79, 2.33 pgs. 


Industrial electronics 

1987 U.S. market report: Industrial. Staff; Electronics, 01/08/ 
8&7, pg 66, 2 pgs. 

Personal computers march into the factory. Dixon, Tom, Staff 
Editor; Electronic Products, 02/15/87, pg 36, 5.5 pgs. 


Inspection 

Moving wafer inspection into the fast lane. Lyman, Jerry, Staff 
Editor; Electronics, 03/05/87, pg 74, 3 pgs. 

Quality and reliability screens impact the cost of owning ICs. 
Denton, Donald L, Texas Instruments; Electronic Design, 
11/20/86, pg 105, 4.5 pgs. 


Instrument interface systems 

Card-based ATE system could set a standard. Sideris, George, 
Staff Editor; Electronics, 04/16/87, pg 60, 3 pgs. 

How DOD is creating a major new business. Sideris, George, 
Staff Editor; Electronics, 04/16/87, pg 57, 3 pgs. 


Instrumentation amps 
Instrumentation amp suits wide range of circuit designs. Burt, 
Rod, Burr-Brown Corp; EDN, 01/08/87, pg 157, 7 pqs. 


Instrumentation/design aids & services/measurement, other 

1987 U.S. market report: Test & measurement. Staff; Electron- 
ics, 01/08/87, pg 61, 3 pgs. 

A bargain in board tester virtuosity. Hall, John, Summation; 
Electronic Products, 03/15/87, pg 34, 6.5 pgs. 

A new tool dramatically cuts VLSI debugging time. McLeod, 
Jonah, Staff Editor; Electronics, 04/30/87, pg 51, 3 pqs. 
ASIC-verification systems speed prototype testing, but system 
capabilities vary. Everett, Chris, Regional Editor; EDN, 

11/27/86, pg 51, 8 pgs. 

Affordable image scanners and software simplify the design of 
imaging systems. Wright, Maury, Regional Editor; EDN, 
03/31/87, pg 75, 6 pgs. 

Analog scopes automate bench test measurements. Engholm 
Sunderman, Kathy, Tektronix; Electronic Design, 11/27/86, 
pg 119, 3 pgs. 

Built-in testability helps to clear some stubborn IC bottlenecks. 
Seaton, John; Chu, Louis, Tangent Systems; Electronic 
Design, 11/27/86, pg 101, 4 pgs. 

Calibrators move to automation to cope with new demands. 
Tunick, Diane, Staff Editor; Electronic Design, 03/87, pg 49, 
6 pgs. 

Expert designers evaluate PC-based schematic editors. F'ree- 
man, Eva, Associate Editor; EDN, 12/25/86, pg 82, 4.5 pgs. 

Fiber-optic testers determine faults in short-haul networks. 
Conner, Margery S, Regional Editor; EDN, 12/25/86, pg 98, 


6 pgs. 

IEEE 802.3 LAN testers and analyzers pinpoint network and 
equipment flaws. Leibson, Steven H, Regional Editor; EDN, 
04/30/87, pg 59, 6 pgs. 

Low-cost IC testers add features. Yates, Warren, Staff Editor; 
Electronic Products, 02/01/87, pg 24, 5 pgs. 

Traditional products get squeezed by newer gear. Sideris, 
George, Staff Editor; Electronics, 02/05/87, pg 89, 5 pgs. 
Use an interchange format to port component libraries. Waters, 

Mike, et al, Motorola; EDN, 02/05/87, pg 175, 7 pgs. 


Integrated circuits/semiconductor devices/circuit design, 

other 

1987 U.S. market report: Semiconductors. Staff; Electronics, 
01/08/87, pg 68, 4 pgs. 

A new wave rises on the Pacific Rim. Berger, Michael, Staff 
Editor; Shapiro, Don, Staff Editor; Electronics, 04/02/87, pg 
78, 2 pgs. 

A one-world industry is arriving fast. Erikson, Arthur, Staff 
Editor; Electronics, 04/02/87, pg 69, 4 pgs. 

A swarm of RISC chips is chasing a fast-growing systems 
market. Barney, Clifford, Staff Editor; Electronics, 03/19/ 
87, pg 66, 1 pg. | 

Accurate, high-speed analog multipliers promise greater use of 
analog techniques. Fleming, Tarlton, Associate Editor; 
EDN, 02/19/87, pg 57, 5.33 pgs. 

Advances in CMOS and ECL process technology yield power- 
house ICs. Marrin, Ken, Staff Editor; Computer Design, 
12/86, pg 81, 9.5 pgs. — 
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Analog-IC arrays can field board-level circuitry. Moore, Bruce 
D, Raytheon, Semiconductor Division; Electronic Products, 
02/01/87, pg 43, 3 pgs. 

Bipolar and MOS beware: BMF ET has speed, power edge. 
Beedie, Mitch, Staff Editor; Electronic Design, 11/13/86, pg 
39, 0.5 pgs. 

Chip-on-board technology chugs along. Chin, Spencer, Staff 
Editor; Electronic Products, 03/01/87, pg 37, 3.5 pgs. 

Consider how TTL outputs work during power-downs. Taylor, 
Mark A, Hewlett-Packard Co; EDN, 11/27/86, pg 221, 3 pgs. 

Cost, device speed, size, and reliability determine the best 
package for an ASIC. Freeman, Eva, Associate Editor; 
EDN, 04/30/87, pg 77, 5 pgs. 

Design-for-test techniques suit diverse applications. Hess, Rob- 
ert D, et al, Caedent Corp; EDN, 04/15/87, pg 189, 4.5 pgs. 

Designing a state machine with a programmable sequencer. 
Lee, Frank, Monolithic Memories; Electronic Products, 
02/01/87, pg 29, 7 pgs. 

Don’t write off wafer-scale work: It’s still going strong. Cole, 
Bernard C, Staff Editor; Electronics, 01/08/87, pg 94, 2 pgs. 

Europe pushes hard for global role. Gosch, John, Staff Editor; 
Electronics, 04/02/87, pg 75, 1.5 pgs. 

Fuzzy logic allows creation of precise process controllers. 
Guilamo, Pedro J, Bailey Controls Co; EDN, 04/15/87, pg 
201, 3.5 pgs. 

Hardware methods improve 1-chip A/D converters. Sidman, 
Steven, Harris; EDN, 02/05/87, pg 139, 13.5 pgs. 

Here comes the billion-transistor IC. Cole, Bernard C, Staff 
Editor; Electronics, 04/02/87, pg 81, 5 pgs. 

How linear IC designers are building denser chips. Cole, Ber- 
nard Conrad, Staff Editor; Electronics, 12/18/86, pg 67, 4 


pgs. 

ISSCC: Analog. Goodenough, Frank, Staff Editor; Electronic 
Design, 03/05/87, pg 71, 4 pgs. 

ISSCC: Digital. Bursky, Dave, Staff Editor; Electronic Design, 
03/05/87, pg 61, 4.5 pgs. 

ISSCC: Special purpose. Allan, Roger, Staff Editor; Electronic 
Design, 03/05/87, pg 79, 3 pgs. 

Inova brings wafer-scale integration to market. Cole, Bernard 
C, Staff Editor; Electronics, 01/08/87, pg 91, 3 pgs. 

Interface various IC technologies to CMOS arrays. Stansberry, 
Mark, National Semiconductor Corp; EDN, 03/04/87, pg 
153, 4 pgs. 

Japan drives for strategic alliances. Cohen, Charles L, Staff 
Editor; Electronics, 04/02/87, pg 76, 2 pgs. 

LAN ICs for IEEE-802 networks. Wiegand, Jim, Associate 
Editor; EDN, 04/30/87, pg 131, 8.5 pgs. 

Magnetic compensation gives new life to transformer-based 
SLICs. Stacey, Chris, National Semiconductor Corp; EDN, 
04/30/87, pg 149, 5 pgs. 

Micromachining shapes solid-state sensors and actuators for the 
digital era. Allan, Roger, Staff Editor; Electronic Design, 
11/13/86, pg 71, 9 pgs. 

Microprogrammable processing. Leibson, Steven H, Regional 
Editor; EDN, 04/15/87, pg 148, 18 pgs. 

Mixed analog/digital technologies pack complete systems on- 
chip. Martin, Steven L, Contributing Editor; Computer 
Design, 04/01/87, pg 39, 6 pgs. 

Power op amps solve deflection-yoke drive problems. Scofield, 
Granger, Apex Microtechnology Corp; EDN, 02/19/87, pg 
171, 6 pgs. 

Programmable-logic devices. Small, Charles H, Associate Edi- 
tor; EDN, 02/05/87, pg 112, 17 pgs. 

Record-setting CPUs, DRAMs, and SRAMs star at ISSCC. 
Cole, Bernard C, Staff Editor; Electronics, 03/05/87, pg 58, 9 


pgs. 

Reports from the PLD front. Collett, Ron, Staff Editor; Digital 
Design, 02/87, pg 46, 5.5 pgs. 

Scan-path tools speed the conversion of your design into a 
testable chip. Everett, Chris, Regional Editor; EDN, 03/04/ 
387, pg 67, 5.33 pgs. 

Silicon-on-insulator gets easier. Cole, Bernard C, Staff Editor; 
Electronics, 12/18/86, pg 32, 0.5 pgs. 

Synchronous VFC enhances accuracy in analog-input systems. 
DeVito, Larry, Analog Devices Semiconductor; EDN, 11/13/ 
56, pg 269, 9.5 pgs. 

Synchronous-network circuit boosts network flexibility. 
Vesuna, Sarosh N, Advanced Micro Devices; EDN, 11/13/86, 
pg 231, 6 pgs. 

TI process boosts linear CMOS ICs to LSI densities. Staff; 
Electronics, 12/18/86, pg 71, 3 pgs. 

The look of the industry in 2000. Weber, Samuel, Staff Editor; 
Electronics, 04/02/87, pg 60, 2 pgs. 
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Thermal-tracking IC converts rms to de. Williams, Jim, Linear 
Technology Corp; EDN, 02/19/87, pg 137, 15 pgs. 

This bipolar process gives density and dynamic range. Cole, 
Bernard C, Staff Editor; Electronics, 04/16{87, pg 69, 3 pgs. 

Use of check list prevents problems in TTL systems. "Sokal, 
Nathan O, Design Automation Inc; EDN, 11/13/86, pg 253, 8 


pgs. 
Use structured arrays for high-performance data processing. 
Chang, Yen, LSI Logic Corp; EDN, 04/15/87, pg 177, 6 pgs. 
VHSIC finally builds a head of steam. Waller, Larry, Staff 
Editor; Electronics, 04/16/87, pg 84, 3 pgs. 
VHSIC moves headlong into the submicron stage. Lyman, 
Jerry, Staff Editor; Electronics, 04/16/87, pg 91, 3 pgs. 
Winds of change sweep the industry. Barney, Clifford, Staff 
Editor; Electronics, 04/02/87, pg 62, 6 pgs. 


Interconnection systems 

Socket twists add versatility to a designer’s repertoire. Costlow, 
Terry, Staff Editor; Electronic Design, 03/87, pg 31, 6.5 pgs. 

Tools help you retain the advantages of using breadboards in 
gate-array design. Shear, David, Regional Editor; EDN, 
03/18/87, pg 81, 4.33 pgs. 


K 


Keyboards 

Knowing the ABCs of keyboards puts designers in touch with 
the right one for the job. Moss, Craig A, Advanced Input 
Devices; Electronic Design, 03/87, pg 67, 5.5 pgs. 

Ubiquitous conductive-rubber switches adapt to fit your applica- 
tion and budget. Conner, Margery, Regional Editor; EDN, 
04/30/87, pg 91, 4 pgs. 


L 


Land & plant sites 
Where the action is in Southern California. Waller, Larry, Staff 
Editor; Electronics, 11/13/86, pg 89, 3 pgs. 


Legal issues 
Intellectual property turns into high-priced real estate. Barney, 
Clifford, Staff Editor; Electronics, 04/30/87, pg 43, 2 pgs. 


Linear circuits 

How linear IC designers are building denser chips. Cole, Ber- 
nard Conrad, Staff Editor; Electronics, 12/18/86, pg 67, 4 
pgs. 

Linear array captures spirit of discrete design. Ritmanich, 
Will; Gill, Harry, Raytheon, Semiconductor Division; Elec- 
tronic Design, 01/22/87, pg 99, 4.5 pgs. 

TI process boosts linear CMOS ICs to LSI densities. Staff; 
Electronics, 12/18/86, pg 71, 3 pgs. 


Local-area network architecture/design/design standards 

Dense chips ease networking. Cormier, Denny, Staff Editor; 
Digital Design, 01/87, pg 44, 4 pgs. 

Ethernet/Cheapernet chips: The power and the process. 
liad Denny, Staff Editor; Digital Design, 04/87, pg 87, 3 


IBM See scheme roils the local net community. Lineback, J 
Robert, Staff Editor; Electronics, 11/27/86, pg 29, 1 pg. 

Influence of fiberoptic Ethernet LANs expands. Mokho ff, Nico- 
las, Staff Editor; Computer Design, 01/15/87, pg 41, 3 pgs. 

LAN ICs for IEEE-802 networks. Wiegand, Jim, Associate 
Editor; EDN, 04/30/87, pg 131, 8.5 pgs. 

LAN ICs let you build networks for PCs. Cormier, Denny, 
Regional Editor; EDN, 12/11/86, pg 136, 8.5 pgs. 

LAN standards make headway i in CAE/CAD. Collett, Ron, Staff 
Editor; Digital Design, 04/87, pg 82, 3.5 pgs 

Ring software brightens LAN-scape. Lineback, a Robert, Staff 
Editor; Electronics, 11/27/86, pg 30, 1 pg. 

Some silicon solutions for MAP. Loyer, Bruce A, Motorola 
Semiconductor Products; Electronic Products, 03/15/87, pg 
60, § pgs. 

Two-chip modem suits high-speed LAN systems. Shah, Pras- 
anna M, Signetics Corp; EDN, 03/31/87, pg 171, 8.5 pgs. 


Logic analyzers/analysis 
ASIC-verification systems speed prototype testing, but system 
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capabilities vary. Everett, Chris, Regional Editor; EDN, 
11/27/86, pg 51, 8 pgs. 

Debug system targets multiprocessor design. Noelcke, Gus, 
Northwest Instrument Systems; Computer Design, 11/01/86, 
pg 105, 6.5 pgs. 

General-purpose logic analyzers increase functionality, ease of 
use. Mayer, John H, Staff Editor; Computer Design, 04/01/ 
87, pg 104, 5 pgs. 

IEEE 802.3 LAN testers and analyzers pinpoint network and 
equipment flaws. Leibson, Steven H, Regional Editor; EDN, 
04/30/87, pg 59, 6 pgs. 

Logic-timing analyzer samples synchronously. Sheldon, James 
H, Outlook Technology; Electronic Design, 11/13/86, pg 131, 
D pgs. 

Signature analyzer on a chip tests complex logic. Duncan, 
Robert, Altera; Electronic Products, 02/01/87, pg 36, 4 pgs. 


Logic arrays/systems 

Altera makes it easier to build fast state machines. Cole, 
Bernard C, Staff Editor; Electronics, 03/19/87, pg 76, 3 pgs. 

Designing a state machine with a programmable sequencer. 
Lee, Frank, Monolithic Memories; Electronic Products, 
02/01/87, pg 29, 7 pgs. 

ECL arrays sprint to the forefront. Collett, Ron, Staff Editor; 
Digital Design, 04/87, pg 35, 6 pgs. 

Faster, more complex PLDs arrive with better programming 
tools. Bursky, Dave, Staff Editor; Electronic Design, 04/87, 

pg 13, 7.5 pgs. 

Fusible links help customize high-density ECL arrays. Agra- 
wal, Om; Mubarak, Fares, Advanced Micro Devices; Elec- 
tronic Design, 12/11/86, pg 105, 5 pgs. 

Microprogrammed devices. Myrvaagnes, Rodney, Staff Editor; 
Electronic Products, 11/03/86, pg 46, 10 pgs. 

New tools ease state-machine design. Martin, Steven L, Con- 
tributing Editor; Computer Design, 03/15/87, pg 36, 3 pgs. 

PLDs provide fast lane to semicustom designs. Martin, Steven 
L, Contributing Editor; Computer Design, 03/01/87, pg 28, 
6.5 pgs. 

Presenting the PLD today. Gabay, Jon, Contributing Editor; 
Electronic Products, 04/15/87, pg 438, 5 pgs. 

Programmable devices tailored to state machine needs. Martin, 
Steven L, Contributing Editor; Computer Design, 11/15/86, 
pg 37, 5 pgs. , | 
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Wyse takes the high cos 
out of high resolution. 


At $999, the WY-700 Graphics Subsystem 
is easily affordable. And its 1280 x 800 
resolution makes the best of software 


packages like these: 


DESKTOP PUBLISHING 
Ventura Publisher 
PageMaker/PC 

Frontpage 

DeskSet 


Pagemaster 

Rim System 

Compound Document 
Processor 

Display Ad Make-up 
System 

AdvanTex 


GENERAL PC SOFTWARE 
Lotus 1-2-3 


COMPUTER-AIDED 
DESIGN 


AutoCAD 

Cadvance 

In-A-Vision 

Generic CADD 
VersaCAD ADVANCED 
Workview 

Procad PC 

P-CAD Systems 


GRAPHIC SYSTEM TOOLS 


MS-Windows 
GEM 
MetaWindows 


Symphony HALO 
PC-Paintbrush KEE PC 


Wyse raises the standards for You can do it all on the 


3571 N. First Street, San Jose, 
high resolution graphics, while | WY-700. A complete system, CA 95134. Or call toll-free, today, 
lowering the cost. monitor and board, for just $999. for more information. 
Now you can have high With a large 15-inch display, Qn. ] 
resolution and full IBM soft- full tilt and swivel, and a crisp Call 1:800-GET-WYSE 
ware compatibility. 1280 x 800 pixel resolution. 
So Desktop publishing The WY-700. It’s your best WYS a 
applications can get the screen solution for high resolution. 
treatment they deserve. You Write Wyse Technology, HF Ff of 
can run spreadsheets like Lotus Attention: Marcom Dept. 700, YOU NEVER REGRET A WYSE DECISION. 
1-2-3 with four times | | 
more data displayed on 
the screen. Computer- 
Aided Design packages 
can deliver their full 
potential. And Graphics- 
based pc environments 
finally have the high res- 
olution they were made for. 


WYSE is a registered trademark of Wyse Technology. WY-700 and the “V” shaped design are trademarks of Wyse Technology. © 1986 Wyse Technology. 


EDN August 6, 1987 CIRCLE NO 24 199 


MICKOPROCESSOR 
MASTERY! 


The Development System that 
Supports 150 Different Microprocessors. 
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A complete solution 


Here, at last, is the working environ- 
ment of the future for developing 
error-free and efficient microproces- 
sor code. Save time and money with 
UniLab II's seamlessly integrated 
toolset: 


Find Bugs Fast 


Searching for bugs by single-stepping 
through suspect code can take forever. 
Now, with UniLab, just specify the 
bug symptom you are looking for as 

a trigger spec and let UniLab catch the 
bug for you as 


P . On-Line Help Pop-up Mode 

An 8/16-Bit Universal Emulator- ales command yOur program Selection 
Glossary, and panel calle 

Word List. runs in real time. by soft key. 


debug commands you can 
quickly display and change 
all registers, memory, and 

ports, plus set software 


With UniLab’s full selection of same: 


BINLOAD “from addr> <to addr> BINLOAD <f reams A [ 
Loads a binary file from disk into emulation menory. MISC 
for the name of the file if you don’t include it on the ci 


line. 


and hardware breakpoints. USAGE 

An Advanced loading at the to addr, or when end of file is ‘3 
iar a cp pemsctinn Ei 
Most other races and more. 


ADR DATA 


development 0814 210081 LD HL,MEM_TBL 


systems are oe erie e817 812088 LD BC,28 
@B1A 110818 LD DE, TARG_TBL 
dead in the iste i 22 STORDATA 81D EDBQ LDR 


8108 16 read 
1868 16 write 
061D EDBA 


24 NEM_TBL 

25 TARG_TBL 

26 STOR_DATA 
resetting 


water if there 
is a hardware fault, such 

as a simple bus short. Now, 
you can use the power of 
UniLab to home in on both 
software and hardware 
problems quickly. 

An Input Stimulus Generator- 
You conveniently specify system 
inputs and observe the results. 

A Built-In EPROM Programmer- 
helps finish the job! 


LDIR 


XFER_BUF 6814 2106081 


or?! (trace resume) 


LD HL, MEM_TBL 
n TN (from step n) T (fron 


Screen displays 
scroll off into 
history buffer - 
can be viewed 
later. 


Context 
sensitive 
prompt line. 


UniLab trace 
filtering 
eliminates extraneous 
information and shows 
you only the program steps of interest. 


Set up for any 8- or 
16-bit processor 
in seconds! 


Thanks to our innova- 
tive emulation 
approach, moving 
between processor 
types requires only 
a new emulation 

module and soft- 
ware change. You 

save both money 

and time: Our 

—— inexpensive 

— Personality Paks™ (only 

about $500) include all the items 

you need for fast hook-up. Orion Micro- 

Targets,” functioning target circuits for 

popular MPUs, let you test your software 
before your own hardware is ready. 


Development Dreams Come True 


Use Unilab’s advanced 
windows to set up 
your screen the 

way you want fo.. 
view multiple items 
of interest. Imagine 
being able to auto- 
matically comparea * 
current trace with previous 
trace data to instantly 
determine differences. You 
can set breakpoints, single- ' 
step, then go back to the an- ¥ 
alyzer without missing a beat. 
If you make a change in your 4% 
code, use UniLab’s built-in line- 
by-line assembler to instantly patch 
the fix and test the results. Think of 
the time savings. 


CIRCLE NO 116 


gtavas NO 
AF=FE@1 (sz-a-pnC) BC-FFFF DE=@6FF HL=1988 [X=1234 IY=5678 SP=18FE PCc-8614 
(next step) 


Get Running Fast 


You probably won't use your develop- 
ment system every day. You do need 
a system that’s easy to learn, and easy 
to come back to. That's UniLab. It lets 
you use commands or menus-or a 
mixture of both. The same commands 
work for all MPUs. Useful help screens, 
an on-line manual & glossary, instant 
pop-up mode panels, a quick 
command and parameter 
reference, are at the ready. 


Affordable, Expandable 


At less than $5,000 UniLab 
Disassembly of | COSUS less than 
ba emenoy OUF less-able 
can De compare 

withtrace in. competitors. 


adjacent window. You can add our 
new Program 


breakpoint 

ee Performance 

display Analysis option 
to help you 


_ power, other models are 
available from $2,995. Get 
e story on UniLab II and how it can 


| revolutionize your software design 


efficiency, as it has for thousands. 
Universities, ask about our Education 
Outreach Discount Program. 


Call Toll-Free 1-800-245-8500. 
In California call (415) 361-8883. 


When you own or renta UniLab I 
you get access to Orion's team of 
Applications Engineers. 


702 Marshall St. 
Redwood City, CA 
94063 

. TELEX 530942 
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Vacuum-deposited 


AY SS¥} parylene is widely 
2 recognized as the most 
effective and technically 

sophisticated conformal coating available for 

circuit boards and electronic components. 
Count all of your coating expenses, and you may 

find that off-site custom parylene coating is also the 

most economical coating. Consider the advantages: 

m eliminates contamination, pollution and disposal 
problems, and related expense 

m reduces labor, need for space and equipment, 
and the high cost of waste material 

M@ provides unmatched coating performance, in 
micron thicknesses 

™@ preserves board repairability and saves scrap 
costs 


@ greatly improves long-term system reliability 


Nova Tran is the leading custom parylene coater, 
with specialized expertise, and regional coating 
centers for fast response. Our efficient off-site 
custom coating services are used by commercial 
and military equipment OEM's. 

Figure the real cost of your circuit board coating 
operation, and then take a closer look at parylene. 
Contact Nova Tran for economical engineering test 
run details. 


Coating Centers: 
New Hampshire Wisconsin 
Indiana California 


Qualified to Mil |-46058C 


Nova Tran also offers parylene coating equipment and 
application engineering assistance for on-site coating. 


NOVA TRAN 


CORPORATION. 


100 DEPOSITION DRIVE 
CLEAR LAKE, WISCONSIN 54005 
715/263-2333/ TELEX 29-0220 


1-800-554-1697 


Subsidiary of Union Carbide Corporation 
Copyright ©1986 Nova Tran Corp. 
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or OEMs who know the sky is not the limit. 


re the telescope, scientists charted the unt- 
verse largely by testing theory against human 
observation. With the advent of the telescope, the 
cosmos could be more accurately mapped. Today 
sophisticated systems from MASSCOMP are 
used to gather and process satellite data, helping 


scientists to expand the known universe. 
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Aerospace. 

In aircraft design, weather forecasting, satel- 
lite telemetry or astronomy, our OEMs focus 
on solutions that push the frontiers of sci- 
ence and engineering. 

MASSCOMP’s OEM, VAR, and systems 
integrator customers use our systems wher- 
ever people need computer power to reach 
new heights. 

From board sets to complete multiprocessor- 
based systems, from 2 to 15 MIPS, our family 
of compatible computers share an open 
architecture and the first real-time imple- 
mentation of the UNIX® operating system. 

Awide range of graphics options and 
hardware accelerators allow our resellers to 
configure systems for a variety of applications. 

Expand your company’s horizons. Call the 
MASSCOMP OEM Products Group and ask 
about our Growth Partnership Program— 
products and services designed for OEMs. 


1-800-451-1824 


MASSCOMP is a trademark of Massachusetts Computer Company. 
UNIX is a registered trademark of AT&T Bell Laboratories. 


al MASSCOMP 


One Technology Park, Westford, Massachusetts 01886 
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LOW INSERTION FORCE (LIF) CONNECTORS BEAT 
ZERO INSERTION FORCE (ZIF) CONNECTORS 3 TIMES: 


1. WIPE: contact wipe eliminates corrosion and disconnects caused by cable weight. 
2. COST: jack screw coupling costs less than cam actuated coupling. 
3. RELIABILITY: jack screw coupling eliminates intermittent contact. 


The Hypertronics N-series of connectors eliminate 
the common problems of comparable ZIF 
connectors. They provide lower cost in high pin 
count models and applications flexibility: 


e 70 to 700 contact positions 

e Rack and panel, cable to chassis, cable to 
cable models 

¢5 Amp and 9 Amp contacts 

e Crimp, solder cup, wire wrap? and dip 
solder termination. 


The N-series utilize the Hypertac® contact 
which provides: 


e Extremely low contact insertion/extraction 
force (as low as '/2 ounce) 

e Electrical continuity under extremes of 
shock and vibration (tested below 1O 
nanoseconds) 

e Contact life exceeding 100,000 with 
excellent electrical repeatability 

e Contact resistance under 5 milliohms. 


To learn more about these versatile connectors 
and which configurations are right for you, call us 
toll-free 1-800-225-9228 or write for a copy of our 
complete 1987 catalog. 


HYPERTRONICS CORPORATION 


16 Brent Drive, Hudson, MA 01749-2904 Telex: 95 1152 
MA & Canada Tel: (617) 568-0451 | Fax: (617) 568-0680 


® Wire wrap is a registered trademark of Gardner Denver. 
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One-chip computer shrinks size and part count of stepping- 
motor controller. Goldberg, Edward H, NEC Electronics; 
Electronic Design, 04/87, pg 81, 4 pgs. 


Multipliers 

Accurate, high-speed analog multipliers promise greater use of 
analog techniques. Fleming, Tarlton, Associate Editor; 
EDN, 02/19/87, pg 57, 5.33 pgs. 


Multiprocessing 

Debug system targets multiprocessor design. Noelcke, Gus, 
Northwest Instrument Systems; Computer Design, 11/01/86, 
pg 105, 6.5 pgs. 


Multiuser computer systems 

Three 32-bit chips boost multiuser performance. Martin, Arlon 
G; Miller, Norman R, AT&T Technology Systems; Electron- 
ic Design, 11/27/86, pg 89, 6.5 pgs. 


N 


Network analyzers/analysis 

Bit-error-rate testers troubleshoot data links in real time. 
Harold, Peter, European Editor; EDN, 02/05/87, pg 69, 5.66 
pgs. 

Fuzzy logic allows creation of precise process controllers. 
Guilamo, Pedro J, Bailey Controls Co; EDN, 04/15/87, pg 
201, 3.5 pgs. 

IEEE 802.3 LAN testers and analyzers pinpoint network and 
equipment flaws. Leibson, Steven H, Regional Editor; EDN, 
04/30/87, pg 59, 6 pgs. 


Network architecture/design/design standards (nonlocal) 
ISDN gains ground as needed ICs emerge. Mokhoff, Nicolas, 
Staff Editor; Computer Design, 11/15/86, pg 43, 4.5 pgs. 


Networking ICs 

Dense chips ease networking. Cormier, Denny, Staff Editor; 
Digital Design, 01/87, pg 44, 4 pgs. 

Ethernet/Cheapernet chips: The power and the process. 
Cormier, Denny, Staff Editor; Digital Design, 04/87, pg 87, 3 


pgs. 
LAN ICs let you build networks for PCs. Cormier, Denny, 
Regional Editor; EDN, 12/11/86, pg 136, 8.5 pgs. 


O 


Op amps 

Composite amplifiers yield high speed and low offset. Williams, 
Jim, Linear Technology Corp; EDN, 01/22/87, pg 139, 11 pgs. 

Fast-settling op amps aid in data conversion. Kitchin, Charles, et 
al, Analog Devices Semiconductor; EDN, 03/18/87, pg 185, 


3.9 pgs. 

Flexible PGA designs require few components. Kaniel, Akavia, 
Intech Inc; EDN, 01/22/87, pg 181, 5 pgs. 

Hybrid isolation amps zap price and voltage barriers. Smith, 
Greg, Burr-Brown; Electronic Design, 12/11/86, pg 91, 4.5 
pgs. 

Low-power op amp delivers precision at low signal levels. 
Bowers, Derek F, Kapoor, Art, Precision Monolithics Inc; 
EDN, 01/08/87, pg 185, 5.5 pgs. 

Monolithic operational amplifiers. Travis, Bill, Senior Editor; 
EDN, 11/13/86, pg 134, 12.5 pgs. 

Multiplexer-op amp IC opens up novel circuit possibilities. 
Bittner, John, National Semiconductor; Electronic Design, 
03/19/87, pg 139, 4.5 pgs. 

Power op amps solve deflection-yoke drive problems. Scofield, 

Granger, Apex Microtechnology Corp; EDN, 02/19/87, pg 
171, 6 pgs. 

Specially processed operational amplifiers meet rad-hard and 
high-temperature needs. Wiegand, Jim, Associate Editor; 
EDN, 01/22/87, pg 75, 4.5 pgs. 

Wideband GaAs op amps push onto silicon’s turf. Staff; Elec- 
tronics, 11/27/86, pg 77, 1 pg. 


Optical storage | 

Half-height 5%-in. CD ROM to personalize data bases. Moes, 
Robert J, Laser Magnetic Storage International; Electronic 
Products, 01/15/87, pg 46, 1 pgs. 

Magneto-optic memories begin to look like a good bet. Cohen, 
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Charles L, Staff Editor; Electronics, 04/16/87, pg 33, 1 pg. 
Optical-disk drives target standard 5%-in. sites. Lezbson, Steven 
H, Regional Editor; EDN, 12/25/86, pg 42, 9 pgs. 
The optical-disk industry gropes for standards. McLeod, Jonah, 
Staff Editor; Electronics, 03/19/87, pg 82, 4 pgs. 


Optoelectronics 

LCDs lead the assault on CRT’s dominance. Williams, Tom, 
Staff Editor; Computer Design, 11/01/86, pg 53, 5 pgs. 

Mercury bromide makes efficient visible light. Costlow, Terry, 
Staff Editor; Electronic Design, 12/11/86, pg 28, 1 pg. 

Next step for fiber optics: The local loop. Rosenberg, Robert, 
Staff Editor; Electronics, 11/27/86, pg 61, 4 pgs. 

Optical encoders are shrinking to BH position-sensing appli- 
cation requirements. Ormond, Tom, Senior Editor; EDN, 
11/27/86, pg 81, 4.33 pgs. 


Oscilloscopes 

Analog scopes forge ahead by taking advantage of digital 
technology. Milne, Bob, Staff Editor; Electronic Design, 
11/27/86, pg 63, 5.5 pgs. 

Design steps improve effective resolution of digitizing scopes, 
waveform digitizers. Everett, Chris, Regional Editor; EDN, 
01/08/87, pg 61, 5.5 pgs. 

Digitizing scopes sweep away complex measuring problems. 
White, David, Tektronix; Electronic Design, 11/27/86, pg 
111, 5 pgs. 

Found! A practical way to turn out Josephson junction chips. 
Weber, Samuel, Staff Editor; Electronics, 02/19/87, pg 49, 5 
pgs. 

Scopes wield counter-timer for automatic measurements. Baker, 
Cliff, Tektronix; Electronic Design, 11/13/86, pg 113, 4 pgs. 


PROM programmers/programming 


PLD programmers. Small, Charles H, Associate Editor; EDN, 
03/31/87, pg 119, 11.5 pgs. 


Packaging/encapsulation/sealing 

Chip-on-board technology chugs along. Chin, Spencer, Staff 
Editor; Electronic Products, 03/01/87, pg 37, 3.5 pgs. 

Climbing pin counts, speed spur activity in IC packaging. Chin, 
Spencer, Staff Editor; Electronic Products, 01/15/87, pg 16, 
3.9 pgs. 

Curious package grabs lead in lead density. Chin, Spencer, Staff 
Editor; Electronic Products, 02/01/87, pg 16, 1 pg. 

New lead scheme saves board space. Lyman, Jerry, Staff 
Editor; Electronics, 01/08/87, pg 34, 0.5 pgs. 


Parallel processing 

AI meets parallel processing. Billstrom, David, Intel Scientific 
Computers; Teeter, John, Gold Hill Computers; Digital 
Design, 12/86, pg 38, 3 pgs. 

High-speed processor revamps bit-slice design. Rauch, Ken, et 
al, Weitek; Computer Design, 11/01/86, pg 97, 4 pgs. 

How Aptec plans to break the I/O bottleneck. Staff; Electronics, 
11/13/86, pg 54, 3 pgs. 

Parallel processing. Schindler, Max, Staff Editor; Electronic 
Design, 01/08/87, pg 90, 7 pgs. 

RISCs and parallel processors drive multiprocessing innova- 
tions. Mokhoff, Nicolas, Staff Editor; Computer Design, 
12/86, pg 55, 7 pgs. 

Structured programming makes parallel processing easier. 
Squires, Michael, Sequent Computer Systems; Electronic 
Design, 11/20/86, pg 99, 3 pgs. 


Personal computers 

AI general-purpose versus tagged machines. Aseo, Joseph, Staff 
Editor; Digital Design, 02/87, pg 33, 3 pgs. 

Add-in facsimile boards enable users of PCs to transfer CAE 
graphics in real time. Terry, Chris, Associate Editor; EDN, 
03/04/87, pg 53, 2.66 pgs. 

Apple gives new Macintoshes the right stuff for CAE applica- 
tions. Gabay, Jon, Contributing Editor; Computer Design, 
04/01/87, pg 22, 2 pgs. 

Apple goes after a bigger bite of the microcomputer market. 
Wolfe, Alexander, Staff Editor; Electronics, 01/08/87, pg 98, 
2 pgs. 

Digitizing instruments: Making a fair comparison. Manierz, 
Lawrence J, Sequence; Electronic Design, 11/20/86, pg 121, 


3.9 pgs. 
Extending the PC/AT bus. Jones, Larry, Faraday Electronics; 
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Digital Design, 03/87, pg 90, 3 pgs. 

How computer makers are making the most of the 80386. 
McLeod, Jonah, Staff Editor; Electronics, 11/27/86, pg 85, 2 
Pgs. 

Industry consortium starting X-Windows bandwagon. Wil- 
liams, Tom, Staff Editor; Computer Design, 02/01/87, pg 45, 
1.5 pgs. 

PC AT graphics must link performance and compatibility. 
Williams, Tom, Staff Editor; Computer Design, 02/01/87, pg 
30, 2.5 pgs. 

PC platform simplifies STD bus development. Finster, Ken, 
Micro/sys; Digital Design, 03/87, pg 79, 2.5 pgs. 

PC-based CAE/CAD users turn to 32-bit solutions. Goering, 
kichard, Staff Editor; Computer Design, 04/15/87, pg 57, 12 


pgs. 

Peripherals enhance 80386 design options. Kumar, V Siva, 
Intel; Computer Design, 03/01/87, pg 63, 5 pgs. 

Personal computers play host to board array processors. 
Molinari, John; Preston, Craig, Data Translation; Elec- 
tronic Design, 04/16/87, pg 118, 4.5 pgs. 

Turning to NuBus, the Mac opens up for engineering. Meng, 
Brita, Staff Editor; Digital Design, 04/87, pg 21, 3 pgs. 
Why IBM’s new PS line is good news to the industry. Naegele, 
Tobias, Staff Editor; Young, Jeremy, Staff Editor; Electron- 

ics, 04/16/87, pg 46, 2 pgs. 


_ Power converters 
De-to-de converter family packs power into tight spots. Cogger, 
Steven D, Vicor; Electronic Design, 02/19/87, pg 81, 5 pgs. 


Power semiconductors 
Heat-removal devices hold semiconductors within operating 
ranges. Travis, Bill, Senior Editor; EDN, 12/11/86, pg 77, 6 


pgs. | 

Integrated current sensing simplifies MOSFET designs. Young, 
Sean, International Rectifier Corp; EDN, 11/13/86, pg 215, 5 
pgs. 

Power op amps fan out, covering a wide spectrum of jobs and 
specifications. Heftman, Gene, Electronic Design, 11/20/86, 
pg 62, 8 pgs. 

Power semiconductors. Goodenough, Frank, Staff Editor; Elec- 
tronic Design, 01/08/87, pg 146, 7 pgs. 

The competition explodes in power MOS FETs. Waller, Larry, 
Staff Editor; Electronics, 12/18/86, pg 97, 2 pgs. 


Power supplies 

External power supplies eliminate more than just heat from 
your design. Kverett, Chris, Regional Editor; EDN, 04/15/ 
87, pg 107, 4.66 pgs. 

Low-power ac-de switchers follow high-density trends. Water- 
man, Pamela J, Staff Editor; Electronic Design, 04/87, pg 
39, 5 pgs. 

Magnetic materials provide the final piece to the high-frequency 
switching-supply puzzle. Small, Charles H, Associate Edi- 
tor; EDN, 03/04/87, pg 79, 2.33 pgs. 

Military power supplies look to escape customization trap. 
Newhart, Milton, Electronic Design, 11/20/86, pg 29, 5 pgs. 

Power level gives clue to switching supply design. Bassett, John 
A, Computer Products; Electronic Design, 03/87, pg 59, 5 
pgs. 

User-configurable power supplies speed development. Small, 
Charles H, Associate Editor; EDN, 12/11/86, pg 240, 5 pgs. 


Printed circuits 

A speedy board laminate suits surface mounting. Staff; Elec- 
tronics, 11/27/86, pg 79, 1 pg. 

Behavioral models and hardware modelers simulate pe boards 
containing VLSI devices. Freeman, Eva, Associate Editor; 
EDN, 11/13/86, pg 65, 5.33 pgs. 


Printed-circuit processing 

A speedy board laminate suits surface mounting. Staff; Elec- 
tronics, 11/27/86, pg 79, 1 pg. 

Benchmarking PCB design systems. Barrett, Richard; 
DeMaria, David, Racal-Redac; Computer Design, 01/01/87, 
Pg 77, 5.5 pgs. 

Printers 


Price drop triggers boom in laser printers. Mayer, John H, Staff 
Editor; Computer Design, 01/01/87, pg 96, 5 pgs. 


Probing systems/accessories 
A new tool dramatically cuts VLSI debugging time. McLeod, 
Jonah, Staff Editor; Electronics, 04/30/87, pg 51, 3 pgs. 


Processors, special-purpose (array, front-end, etc) 
Engineering computers. Ohr, Stephan, Staff Editor; Electronic 
Design, 01/08/87, pg 104, 7 pgs. 
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Make your own low-cost 8051 emulator. Horton, Eric P, Nova 
Scotia Power Corp; EDN, 11/13/86, pg 193, 12 pgs. 

More needed in accelerators for multilevel simulation. Bloom, 
Michael, Contributing Editor; Computer Design, 04/01/87, 
pg 26, 7 pgs. 

One-board array processor eases data-intensive tasks. Daukas, 
Stephen C; Preston, Craig, Data Translation; Electronic 
Design, 04/30/87, pg 119, 4 pgs. 

Personal computers play host to board array processors. 
Molinari, John; Preston, Craig, Data Translation; Elec- 
tronic Design, 04/16/87, pg 118, 4.5 pgs. 

Processor board recasts PC into 5-MIPS Unix workstation. 
Lundell, Jon, et al, Opus Systems; Electronic Design, 03/ 
05/87, pg 119, 4.5 pgs. 

Programming a PC-based array processor. Daukas, Stephen C, 
Data Translation; Digital Design, 12/86, pg 47, 3.5 pgs. 


Production testing techniques 
Design-for-test techniques suit diverse applications. Hess, Rob- 
ert D, et al, Caedent Corp; EDN, 04/15/87, pg 189, 4.5 pgs. 


Professional associations/issues 

CAE support groups boost designer productivity. Poniatowski, 
Martin F, Canaan Computers; Computer Design, 04/01/87, 
pg 37, 2 pgs. 

Computer pro says launch-on-warning is technically unsound. 
Patton, Carole, Staff Editor; Electronic Design, 12/11/86, pg 
181, 1 pg. 

Former engineers parlay technical expertise into new careers. 
Asbrand, Deborah, Staff Editor; EDN, 12/25/86, pg 169, 3.5 
pgs. 

Imagineers know high-tech ego tied to space. Patton, Carole, 
Staff Editor; Electronic Design, 02/19/87, pg 16, 0.5 pgs. 
“Information revolution” may not make jobs. Patton, Carole, 
Staff Editor; Electronic Design, 02/05/87, pg 16, 0.5 pgs. 
The whistle blower’s burden: Public approval, corporate exile. 
Asbrand, Deborah, Associate Editor; EDN, 01/08/87, pg 296, 

2.66 pgs. 


Programming 

An easier way to build a real-time expert system. Wolfe, 
Alexander, Staff Editor; Electronics, 03/05/87, pg 71, 3 pgs. 

CASE makes strides toward automated software development. 
Suydam, William, Contributing Editor; Computer Design, 
01/01/87, pg 49, 11 pgs. 

Design tools race ahead...at a snail’s pace. Schindler, Max, Staff 
Editor; Electronic Design, 04/30/87, pg 45, 2 pgs. 

EDIF format brings uniformity to CAE/CAD data. Marz, 
E'sther, Switzer, Hart, Motorola Inc; EDN, 01/22/87, pg 153, 


D.D pgs. 

Integrated CAE tools ease software design. Lehto, Steve; 
Besemer, Jim, Tektronix; Electronic Design, 11/13/86, pg 
151, 4 pgs. 

Microprocessor experts tackle benchmarking, support and ar- 
chitectural issues in open debate. Marrin, Ken, Staff Editor; 
Computer Design, 01/01/87, pg 21, 5.5 pgs. 

New tools ease development of bit-slice microcode. Falk, How- 
ard, Contributing Editor; Computer Design, 02/15/87, pg 48, 
2.9 pgs. 

Object-oriented database keeps the house in order. McCaskey, 
John, Data General; Electronic Design, 03/19/87, pg 129, 5 
pgs. 

Parallel processing makes compiler advances. Meng, Brita, Staff 
Editor; Digital Design, 03/87, pg 61, 3.5 pgs. 

Smalltalk isn’t meaningless chatter. Ewing, Juanita J; Wirfs- 
Brock, Rebecca, Tektronix; Computer Design, 01/15/87, pg 
76, 3.5 pgs. 

Software analyzers team up to track down complex bugs. 
Ableidinger, Bruce, Northwest Instrument Systems; Elec- 
tronic Design, 11/27/86, pg 125, 4 pgs. 

Software simulation programs power factory applications. 
Cashen, Frank, Contributing Editor; Computer Design, 
02/01/87, pg 50, 2.5 pgs. 

Software-development environments grow interactive. 
Suydam, William, Contributing Editor; Computer Design, 
04/15/87, pg 45, 5 pgs. 

Structured programming makes parallel processing easier. 
Squires, Michael, Sequent Computer Systems; Electronic 
Design, 11/20/86, pg 99, 3 pgs. 

Suddenly, work-station makers unite on a windowing standard. 
Manuel, Tom, Staff Editor; Electronics, 01/22/87, pg 58, 2 


pgs. 
The Pentagon unveils aid for Ada. Wolfe, Alexander, Staff 
Editor; Electronics, 11/27/86, pg 31, 0.5 pgs. 
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wP simulators let you debug software on an IBM PC. Wright, 
Maury, Regional Editor; EDN, 12/11/86, pg 196, 6.5 pgs. 


Prototyping boards/systems 

Behavioral models and hardware modelers simulate pe boards 
containing VLSI devices. Freeman, Eva, Associate Editor; 
EDN, 11/13/86, pg 65, 5.33 pgs. 

Tools help you retain the advantages of using breadboards in 
gate-array design. Shear, David, Regional Editor; EDN, 
03/18/87, pg 81, 4.383 pgs. 
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Relays 
Compact pe-board relays boost speed while trimming costs. 
Bernhard, Bob, Electronic Design, 11/20/86, pg 39, 3.5 pgs. 


Resistors 

Without standards, surface-mounted parts struggle for an audi- 
ence. Michaels, lan, Electronic Design, 11/13/86, pg 101, 4 
pgs. 

Rigid-disk drives 

5'4-in. rigid drives move to higher capacity applications. Mayer, 
John H, Staff Editor; Computer Design, 04/15/87, pg 119, 6 
pgs. 

A designer’s decision: System or device level for peripheral 
interfaces? Fifield, Brian, Emulex; Electronic Products, 
11/17/86, pg 39, 3.5 pgs. 

A way to rewrite data on magneto-optic disks. Staff; Electron- 
ics, 02/05/87, pg 76, 1.5 pgs. 

Half-height 5%-in. CD ROM to personalize data bases. Moes, 
Robert J, Laser Magnetic Storage International; Electronic 
Products, 01/15/87, pg 46, 1 pgs. 

Intelligent peripheral interface standard permits data-transfer 
rates of 10M bytes/sec. Wright, Maury, Regional Editor; 
EDN, 01/08/87, pg 105, 6 pgs. 

Optical-disk drives target standard 5%-in. sites. Leibson, Steven 
H, Regional Editor; EDN, 12/25/86, pg 42, 9 pgs. 


Robotics 
Microcontrollers teach robots to learn. Cormier, Denny, Staff 
Editor; Digital Design, 03/87, pg 38, 3 pgs. 
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Scientific computer systems 

A work station that runs Unix and MS-DOS side by side. Staff; 
Electronics, 11/13/86, pg 63, 3 pgs. 

Parallelism breeds a new class of supercomputers. Mokhoff, 
Nicolas, Staff Editor; Computer Design, 03/15/87, pg 53, 10 
pgs. 

Programming a PC-based array processor. Daukas, Stephen C, 
Data Translation; Digital Design, 12/86, pg 47, 3.5 pgs. 
Vector processing comes to the desktop. Manuel, Tom, Staff 

Editor; Electronics, 03/05/87, pg 69, 2 pgs. 


Screen printers 

Quality and reliability screens impact the cost of owning ICs. 
Denton, Donald L, Texas Instruments; Electronic Design, 
11/20/86, pg 105, 4.5 pgs. 


Semicustom/custom ICs 

A compiler for semicustom solutions. Staff; Electronics, 02/05/ 
8&7, pg 62, 3 pgs. 

ASIC verification: New tester breed builds design security. 
Milne, Bob, Staff Editor; Electronic Design, 04/16/87, pg 71, 
7 pgs. 

Analog arrays speed design and lower cost of uhf chips. Heyes, 
Gary L; Sher, John S, VTC; Electronic Design, 12/11/86, pg 
119, 4 pgs. 

Analog-IC arrays can field board-level circuitry. Moore, Bruce 
D, Raytheon; Electronic Products, 02/01/87, pg 43, 3 pgs. 
Analog-cell libraries stretch for standard-product performance. 
Goodenough, Frank, Staff Editor; Electronic Design, 04/87, 

pg 29, 8 pgs. 

Board designers benefit from cell-based ICs. Collett, Ronald, 
Staff Editor; Digital Design, 12/86, pg 52, 4 pgs. 

Built-in testability helps to clear some stubborn IC bottlenecks. 
Seaton, John; Chu, Louis, Tangent Systems; Electronic 
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Design, 11/27/86, pg 101, 4 pgs. 

Complex circuits sharpen need for faster on-chip testing. 
Bursky, Dave, Staff Editor; Electronic Design, 11/13/86, pg 
38, 2 pgs. 

ECL arrays sprint to the forefront. Collett, Ron, Staff Editor; 
Digital Design, 04/87, pg 35, 6 pgs. 

Fast, low-power logic array unites CMOS and bipolar. Lin, 
Liang-Tsai; Spehn, Richard, Applied Micro Circuits; Elec- 
tronic Design, 04/16/87, pg 82, 5.5 pgs. 

GaAs cells simplify high-speed communications. Schappacher, 
Jerry B; Davis, Richard T, Harris Microwave Semiconduc- 
tor; Digital Design, 02/87, pg 57, 3 pgs. 

Here come the tools to design 50,000-gate ASICs. McLeod, 
Jonah, Staff Editor; Electronics, 02/05/87, pg 55, 4 pgs. 
Improved process yields densest ECL-gate array. Drobac, 
Stan, Fairchild Semiconductor; Electronic Design, 04/30/87, 

pg 97, 5 pgs. 

LSI Logic’s big bag of ASIC design tools. Staff; Electronics, 
02/05/87, pg 59, 3 pgs. 

Layout tool streamlines full-custom IC design. Staff; Electron- 
ics, 12/18/86, pg 80, 3 pgs. 

Linear array captures spirit of discrete design. Ritmanich, 
Will; Gill, Harry, Raytheon, Semiconductor Division; Elec- 
tronic Design, 01/22/87, pg 99, 4.5 pgs. 

Linear-array semicustom ICs compete at high volumes. Kadis, 
Albert L; Soliven, Marcello, Exar; Electronic Design, 04/87, 
Pg 43, 4.5 pgs. 

Mixed analog/digital technologies pack complete systems on- 
chip. Martin, Steven L, Contributing Editor; Computer 
Design, 04/01/87, pg 39, 6 pgs. 

Motorola grabs lead in ECL density, using Mosaic III. Cole, 
Bernard C, Staff Editor; Electronics, 02/19/87, pg 71, 3 pgs. 

PLDs provide fast lane to semicustom designs. Martin, Steven 
L, Contributing Editor; Computer Design, 03/01/87, pg 28, 
6.5 pgs. 

Parameterizable cells strike middle ground between fixed and 
compiled cells. Bloom, Michael, Contributing Editor; Com- 
puter Design, 11/01/86, pg 24, 5.5 pgs. 

Partition custom ICs along technology lines. Huehne, Karl J, 
United Technologies Microelectronics Center; EDN, 03/04/ 
87, pg 163, 4.5 pgs. 

Second-generation compilers optimize semicustom circuits. 
Rowson, Jim; Trimberger, Steve, VLSI Technology; Elec- 
tronic Design, 02/19/87, pg 92, 5 pgs. 

Silicon compilation to win more users and vendors. Uvelli, 
David A; Whitner, Stephen M, Seattle Silicon; Electronic 
Products, 01/15/87, pg 44, 2 pgs. 

Standard cells raising their sights to VLSI. Gabay, Jon, Staff 
Editor; Electronic Products, 01/15/87, pg 31, 4 pgs. 

Standard-cell libraries grow in complexity. Kates, Geoffrey, 
Contributing Editor; Computer Design, 01/01/87, pg 80, 3.5 


pgs. 

Tool simulates ASICs made from analog and digital cells. Cald- 
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Solve special 
decoupling problems 


MICRO/Q capacitors with special pinout 
configurations give you design flexibility 
you can't get with standard techniques to 
solve decoupling and routing problems. 
Choose MICRO/Q for 8-, 16-, or 32-bit 
microprocessors, ECL devices, and many 
other devices where power and ground 
are not at conventional positions. You'll get 
superior noise Suppression : 
and design ease. 
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Improve existing 

board performance . 

MICRO/Q capacitors can _f f | 

be retrofitted to solve noise 

problems on existing boards. Rogers MICRO/Q® decoupling capacitors reduce voltage 
Because MICRO/Q caps noise spikes in IC’s, often by as much as a factor of ten. And 


share mounting holes with existing IC pins, since they're easily mounted underneath the IC, MICRO/Q 

no board redesign is required. Effective capacitors conserve ve luable board real estate, too. A range 
decoupling becomes a matter of adding - of configurations make ; MICRO/Q flat capacitors especially 
one insertion step. effective atreducingnoiseon. _ 


m 64K RAMS | 


_ M@ Boards that need EMI/RFI fix 
M@ Video RAMS — @ CAD/CAM/CAE 

m@ EPROMS ™@ Telecommunications 
M@ Microprocessors Mi Minicomputers 
@ Bus drivers/buffers M@ Printers and copiers 
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— ot —— layout @ Other IC’s where @ Single-board 
anda get a cnoice noise spikes create computers 
MICRO/Q ceramic decoupling capacitors performance problems 


share board mounting holes with IC pins. 
You don't have to waste space on addi- 
tional holes, as you do for standard caps. 
Simplifying board design opens up two 
very attractive options. Add more active 
devices with increased packaging density 
in the same space, or design the same 
>: package on a smaller board. 
Either way, you win with 
MICRO/Q. 


Find out how MICRO/Q capacitors reduce noise and 
provide better board density. Get the full story and a free 
sample. Call a Rogers MICRO/Q Product Specialist today, at 


(602) 967-0624. 
- Rogers Corporation 
a R Circuit Components Division 
2400 South Roosevelt Street 
Tempe, AZ 85282 


Distributed in the U.S. by the Genie Group; in Europe by Mektron NV, 
Gent, Belgium; in Brazil by Rogers Coselbra, Sao Paulo. 
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Design noise out of PGA and LCC packages esi 


PGA MICRO/Q capacitors provide effective solutions to 

noise problems with VLSI PGA packages and LCC sockets. 
Design effective decoupling on complex multi-layer board layouts 
by fitting PGA MICRO/Q capacitors under PGA or LCC sockets. They 
occupy no additional board space and provide the low-inductance, 
high-frequency decoupling required by today’s VLSI packages. 
Available in a range of pinout configurations. 
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its rated output at any point in its 
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For example, our Model 2000L, 
We rate most of our amplifiers by 
frequency band. 
Stantly available—there’s no need 


Broadband Capability from some very f | \! i i F () 

powerful amplifiers. Power from one 

wait to ten kilowatts. Frequencies 

shown above, delivers 2000 watts CARD S 

minimum cw saturated power over a 

minimum power—users can be cer- | 

tain that their 10-watt or 2000-watt to Generate Sales Leads ' 
AR amplifiers are unconditionally : 

Stable, immune even to worst-case 

for tuning or bandswitching. 

Send for our booklet, “Your guide 


from 10 kHz to 1 GHz. Gain that's flat 

bandwidth of 10 kHz to 220 MHz. In | 
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load mismatch without damage or 

to broadband power amplifiers.” 
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Add balanced signal to a variable voltage 


Robert D Walker 
Dowty RFL Industries, Boonton, NJ 


To provide pulse-width modulation of a control varia- 
ble, some process-control circuits add a triangular 
waveform to the control-variable voltage. (The low 
signal frequencies of these circuits precludes the use of 
ac-coupling capacitors.) By first considering a conven- 
tional way of combining the sawtooth and control 
voltages (Fig 1), you’ll better appreciate the circuit of 
Fig 2, in which the oscillator’s de component contin- 
uously tracks the input voltage. 
Output V3 in this traditional circuit is 


R, R, 
Va= (ae te )Vi+ (te +R Ve, 


Fig 1—In this circuit, which is similar to Fig 2 except that the 
oscillator output is fixed, the sawtooth’s dc component creates an 
offset error in V3. 


Fig 2—This circuit combines the input voltage V; with a sawtooth 
waveform in which the sawtooth’s dc component matches and tracks 
Vi. 
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where V;, is the control variable (a slowly varying de 
signal), and V2 is the sawtooth-oscillator output 
V otAV. The de component of V3 is 


R R 
Vmo0)= (x a he & a Vo. 


You can see that the oscillator’s fixed de component, 
Vo, contributes an offset-error term that varies as you 
adjust R;. Because this offset error affects V3, it 
appears in the system as a change in the control 
variable V,. This spurious change in V3 can be signifi- 
cant: As R, varies from zero to full value, the shift is 


R, 
Vavo= Fete Vi-Vo). 


As an added drawback, you have to provide compensa- 
tion for the signal attenuation of the resistors. 

In Fig 2, the oscillator’s de component V, tracks the 
input V,, thereby eliminating the offset error in V3. 
Comparator IC, changes state each time V> differs from 
V, by more than one diode drop, creating a linear 
sawtooth waveform V>, at the output of integrator IC): 


Vi=VitVp+3AVp, 


where Vp is the average forward-voltage drop for 
diodes D, and D, (2(Vpi+Vpe)), and AVp is the mis- 
match in diode drops. 

Output V3 still has an error component caused by 
AVp: 


7 R, 1/ R, 
Vs=Vit Gs +R -)Vo+ (ag Jae. 


To minimize this error, you must select diodes with a 
narrow spread of forward voltages. Rectifier diodes 
such as 1N4000s are well suited to this purpose; they 
have a typical spread of 20 mV at 1 mA. To further 
minimize error, you must select the resistor values of 
R; and R, to produce equal current in the diodes D, and 
D, over V,’s anticipated range; that is, the current in D, 
when the comparator output is high should equal the 
current in D,; when the comparator is low. EDN 
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Program aids analysis of FFT algorithms 


Richard G Lyons 
SEDC, Sunnyvale, CA 


When engineers use standard software routines or 
hardware devices to perform FFTs, they’re mainly 
concerned with providing the proper inputs and cor- 
rectly interpreting the outputs. When developing non- 
standard FFTs for harmonic-analysis or DSP applica- 
tions, however, you'll find it necessary to analyze and 


modify the internal “twiddle factors” inherent in the 
FFT. 


The Basic program of Listing 1 contains an algorithm 
for analyzing the internal signal flows in an FFT by 
monitoring the angle associated with each of the com- 
plex twiddle factors. Often, you have to determine the 
twiddle factors for a specific subset of the butterflies in 
a given N-point FFT. (In the array of twiddle factors 


£2 as @ ee 
Loa: 


rs 


for smaller FFTs, the pattern is apparent, but the 
pattern becomes bewildering as you increase the FFT 
size.) The program returns the phase angles associated 
with twiddle factors of an arbitrary butterfly. 
Further, the program directly obtains twiddle-factor 
angles for any or all butterflies in an arbitrary N-point 
FFT; you needn’t re-evaluate the equations of the 
discrete Fourier transform each time you change the 
size of the FF'T. The program’s algorithm draws upon 


the following characteristics of the Decimation-In-Time 
(DIT) radix-2 FFT algorithm: 


e An N-point FFT has M stages (M=log.N), in 
which each stage is composed of N/2 butterflies. 
e A single butterfly is defined as shown in (Fig 1a). 
e As defined in Fig la, a single butterfly ensures 
that the complex FFT outputs are scrambled (in 
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Amplifier Arsenal 


50KHz—2000MHz, Low Noise 100mWoutput Gain Controlled trom $69.95 


Our ZFL-2000 miniature wideband amplifier hit a bulls-eye SPECIFICATIONS 

when we introduced it last year. Now we've added more MODEL FREQUENCY GAIN, dB MAX.POWER- NF PRICE $ 

models to offer you a competitive edge in the continuing MHz | OUTPUT 

battle for systems improvement. va EYP) SRNR “ee ay 
The ZFL-2000, flat from 10 to 2000MHz, delivers +17dBm ane ae pe ¥ : ae a io 

output and is priced at only $219. ZFL-750 0.2-750 18 +9 6.0 7495 1-24 
Need more output? Our ZFL-1000H, flat from 10 to ZFL-1000 0.1-1000 17 +9 6.0 79.95 1-24 

1OOOMRz, delivers +20dBm output. ZFL-1000G* 10-1000 —Ss«‘17 +3 120 199.00 1-9 
Is low noise a critical factor: Our ZFL-SOOLN and 1000LN ZFL-1000H 10-1000 28 +20 5.0 219.00 1-9 

boast a 2.9dB NF. ZFL-1000LN 0.1-1000 20 +3 2.9 89.95 1-24 
Variable gain important? Our ZFL-1000G, flat from 10 to ZFL-2000 102000 ae ot ie ehhh ine 


1000MHz, delivers +3dBm output with 30dB gain control while * 30dB gain control **+15dBm below 1000MHz 
maintaining constant input/output impedance. 
Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from SOKHz to 500M#Hz, delivers +10dBm output 
for the unbelievable low price of only $69.95. Need to go 
higher in frequency? Consider the ZFL-750, from 0.2 to 


750M Hz, for only $74.95. Or the $79.95 ZFL-1000, Spanning A Division of Scientific Components Corporation 
0.1 to 1000 MHz P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


One week delivery...one year guarantee. 
C101 REV.C 
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the bit-reversed sense), provided that the FFT 
inputs are ordered samples. 
@ The twiddle-factor phase angle for an arbitrary 
butterfly is the bit-reversal of the integer (modulo 
N) of the product: The butterfly index, multiplied 
by 2 raised to the power of the FFT’s order of 
decimation. 
To identify stages and butterflies, let the letter j 
serve as an index for the M stages of an N-point FFT, 
where 15j=M. Similarly, let the letter k serve as an 


Wup=e slennuem =cos(Aup) — jsin(Aup) 
Wart =e 7 /27ARTIN = cos(Art) —jsin(Art) 


A+jB A+jB+Wup(C + jD) 


C+jD A+jB+War(C +jD) 


UP: UP ) 
RT: RIGHT 


Fig 1—The standard butterfly operation (a) accepts the inputs 
A+jB and C+jD on the left and returns the quantities on the right. 
The numbers on the 8-point-F FT figure (b) (right four columns only) 
represent the output from Listing 1 when it is applied to the 8-point 
FFT. 


index for the N/2 butterflies in each stage, where 
1<k=N/2. The heavy lines in Fig 1b, then, illustrate 
the third butterfly (k=3) in the second stage (j=2) of an 
8-point FFT. 

The last characteristic above appears in the program 
at line 230 and is represented mathematically as 


Avp=BR{INT[2)(k—1)/N]}, 


where BR{z} represents the operation of the bit-rever- 
sal subroutine that begins at line 400 in Listing 1. The 
quantity z consists of M—1 bits, and INT[z] is a function 
that returns the lowest integer that is less than or equal 
to z. The phase angle Agr always equals Ayp+N/2. 

The program’s initial PRINT and INPUT statements 
let you calculate only those butterfly angles of interest 
in an N-point FFT. To interpret the program’s output 
for an 8-point FFT, for example, compare it with the 
numbers that appear in the rightmost four columns of 
Fig 1b. You can obtain the actual twiddle factors by 
inserting appropriate statements after line 260, which 
will calculate and print the sine and cosine of Ayp/N and 
Arr/N. 

You can also obtain the radix-2 FFT’s bit-reversed 
output order by selecting only those butterflies con- 
tained in the last stage G=M) of an arbitrary FFT. 
Note that the printed Ayp and Agr values are exactly 
the indexing order of the bit-reversed FFT outputs. 
After further review of the twiddle-factor angles for a 
DIT FFT, you'll see that you can implement the first 
two stages of any DIT FFT without multiplication, and 
that you can obtain the power spectral-density results 
for an 8-point FFT without any sine or cosine multipli- 
cation. EDN 
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Receiver guards against current-loop shorts 


R Mark Stitt | 
Burr-Brown, Tucson, AZ 


The receiver circuit in Fig 1 uses a current-protector 
device to guard against short circuits in the current- 
loop lines. Although such modern receiver circuits use a 
500 sense resistor (R,) that develops only 1V at 20 mA 
(compared with older designs that used a 2500 resistor 
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and developed 5V at 20 mA), this lower voltage exacts a 
penalty: More fault current flows in the event of a short 
circuit. In a circuit using +18V supplies, for example, 
the 500 resistor dissipates 26W when a short circuit 
occurs, and the supply must deliver 1A. 

In Fig 1, an IC difference amplifier senses the 
current signal and R; protects the circuit by providing 
foldback current limiting following a short circuit in the 
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|GHz without doubling 


| volt to 0.05 pV 


AM/FM/PM and pulse mod. option 


AF synthesizer for all fone calls 


Colour brochure from: 


DC coupled AM and FM 


SINAD facility 


10 Hz resolution, 100 memories, IEEE 488 
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operation, 50W reverse power protection, 
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AVAILABLE THROUGH A WORLD-WIDE 
NETWORK OF AGENTS 


~ CIRCLE NO 80 


: % % 
ee eer a 
Je 


current loop. The loop current develops a signal across 
Rj; connecting this resistor to the negative rail makes 
full use of the current transmitter’s dynamic range. The 
difference amplifier shifts the signal level to ground and 
also rejects any common-mode signals caused by fluctu- 
ations in the power supply. 

Resistor R, preserves the amplifier’s CMR by provid- 
ing a source impedance at terminal 3 similar to the 
impedance at terminal 2. A 5% tolerance for R» main- 
tains 86-dB CMR, but note that R,’s tolerance has a 
direct effect on the output’s gain accuracy. Vour'’s range 
is —0.2 to —1V for a 4- to 20-mA input. By interchang- 
ing the amplifier’s inputs, you can obtain a positive 0.2 
to 1V range. The circuit can also serve as a receiver for 
current loops connected to the negative rail; you simply 
Swap connections to the positive and negative rails. 

R; isn’t actually a resistor but a protection circuit 
dubbed the PTC by its manufacturer; its only function 
is to protect R,. When a short circuit in the current loop 
places a supply voltage across R,; and the PTC, current 
through these components increases sharply. The high- 
er current heats the PTC, triggering a change in 
resistance (from less than 20 to about 3 kQ) that limits 
the R; current to about 10 mA. The response time 
depends on the supply voltages: about 0.6 sec for +18V; 
about 1.4 sec for +15V (Fig 2). When you remove the 
short circuit, the PTC resets to its low-resistance value. 

The material in the PTC current protector is a 
homogeneous mixture of carbon granules in a polyolefin 


4- TO 20-mA 
CURRENT LOOP 


NOTES: 

1. Rg IS FROM MIDWEST COMPONENTS INC 
1981 PORT CITY BLVD ve 
MUSKEGON, MI 

(616) 777-2602. 

2. THE 25-kQ. RESISTORS IN IC; ARE CLOSELY MATCHED TO 

EACH OTHER, BUT MAY VARY 20% IN ABSOLUTE VALUE. 


i 
oe 


see Revove Z 


Fig 2—These waveforms from Fig 1 show how the PTC cause. 
change in the voltage across R, following a short in the current loot 
t=0. This double-exposure photo illustrates the circuit’s response 
two operating conditions: +18V supplies, 0.6-sec response; +1 
supplies, 1.4-sec response. 


polymer base. During normal PTC operating current 
the granules are in contact with each other, forming 
low-resistance path through the device. At the tr 
current (300 mA), the polyolefin expands and separat 
the granules, which raises the resistance. EC 
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Fig 1—This 4- to 20-mA receiver circuit includes a current-protection device, R;, whose resistance increases if a short circuit occurs in th 


current loop. 
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"EDN NEWS IS AN 
IDEAL COMPLEMENT TO 
EDN MAGAZINE. 


Richard E. Amsterdam 
President 
Amsterdam Advertising Inc. 


“Because our clients seek immediate sales, 
newspapers and tabloids seem an appropriate media 
choice,’ says Richard E. Amsterdam, president of 
Amsterdam Advertising Inc. in Reading, Massachusetts. 


“But,” he adds, “many of our clients want their ads 
to appear in prestige publications like EDN magazine. 


“Well, now there’s EDN News,’ he continues. “It’s not 
only an attractive newspaper, but it also shares EDN 
magazine's market penetration. The two books comple- 
ment one another well: EDN 

magazine is the choice for 
long-term market presence. 
EDN News is the choice for 
short-term product intro- 
ductions. And the comp- 
lementary rate structure 
is an added bonus.” 


Concludes Amsterdam, 
“T feel confident recom- 
mending EDN maga- 
zine and EDN News as 
a high-performance 
advertising team.” 


Advertising in EDN News works for 
Amsterdam Advertising. It can work for you. 


EIDIN 
NEWS 


Where Advertising Works 


Toko coils and filters 
attack RF design problems 
before | 


Pied a ai 


Plagued ‘eo 

by parasitic ’ 

oscillations, spurs, Isnt it time to tame the design monsters 
harmonics and Clos daca before they bite back...call or write 
feedback? The problem ules are a great Toko today for a free coil and filter 

may not be your design, but the way to simplify catalog or a quote on your needs. 

coils and filters you selected. Toko design and No matter what Toko coils and filters 


is the world’s largest manufacturer — 
of quality small coils and filters, with 
a selection so large, 
you're sure to find the 

=», right components 


production tasks you choose, you can be assured of 
With short lead time. exceptionally high quality control at 


Toko can develop compact economical prices. 
custom modules utilizing a variety 
: of components, surface mounted For Active Filters Circle 196 
jr be nna dean : on aceramic substrate. One 
gnp module replaces dozens 
SUBMINIATURE of components. 
ADJUSTABLE FILTERS 
AND FIXED Fori-fortunedrf © 
Toko has what you need, s© circuitry. Toko filters | 


you won't need fo compromise... simplify attenuation of | oF i 
subminiature adjustable coils out-of-band signals, while cleanly <~ 
and transformers, molded coils, passing your desired signal. Ultra- ” 


radial fixed coils and fixed coils ni 
with axial leads. Toko high-Q coils Seine feae-rene fitiiont 2) TOKO AME RICA, | NC. 


Quality and workmanship that add 
value and performance to your 
product. 


are engineered in sizes from spaces and tight budgets. With 
5mm to 145mm, and inductance frequencies up to 1.2 GHz Toko (CORPORATE HEADQUARTERS) 
ranges from .02 wH to 500 mH : . na : 250 Feehanville Drive 
helical filters are the right choice for — Mt. Prospect, IL 60056 
~ communications (312) 297-0070, Telex: 724372, FAX (GIll): 

CHIP AND : ‘ 342) 699-7864 

ADJUSTABLE SMD transceivers. eine 
Need to red th (Western Branch) 10080 N. Wolfe Rd., SW3-364, 

eauce ine ACTIVE FILTERS Cupertino, CA 95014 

size of your products or If you're advanc- (408) 996-7575, FAX (GIll): (408) 996-7280 
automate production? . ing the state-of- (Eastern Branch) 6 Corporate Park Drive, 
Toko solves these problems with a the-art in digital Suite 307, White Plains, NY 10604 
coils and LC, ceramic and helical products you'll (Southeastern Branch) Executive Plaza, 
filters in fixed and adjustable con- Goo reciate Toko ~ | Sipser a ital a 
f ; , pp ie Huntsville, AL 35846 
figurations. Packaged for automatic —_qctive filters. Especially r (205) 830-0952, FAX (GIll): (205) 830-5399 
insertion and available for reflow or designed for small size and low distor- 
solder dipping. tion, they're also very cost-effective. 
For Subminiature Adjustable & Fixed Circle 81 For Custom Modules Circle 158 


For Chip and Adjustable SMD Circle 126 For Filters Circle 163 
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PLD implements permutation addressing 


James L Tolles 
Tolles Engineering, Simi Valley, CA 


To allow a system’s mother board to select among 
circuit cards plugged into a backplane, you have a 
choice of several addressing techniques. You can con- 
nect a separate strobe line to each card, for example, 
but this technique complicates the backplane wiring 
and requires the main board to generate a separate 
strobe output for each card. Or, you can use the familiar 
technique of binary addressing, which requires a set of 
address lines connected to each card in parallel. Each 
card includes an address decoder and a device for 
manually setting the card’s address assignment (such as 
a DIP switch). This approach provides each card with a 
unique address that stays with the card regardless of 
its slot position. However, if your application involves a 
moderate number of cards and a dedicated slot position 
for each, then the option of permutation addressing 
may be the most effective. 

In permutation addressing, the system defines a 
valid address by setting a specified number of address 
lines low. In Table 1, for example, three lines low on an 
8-line bus provides access to any one of 34 card slots. 
Different 3-line combinations define each address, and 
you hard-wire each group of three to the appropriate 
card connector. Because the address for all cards is the 
same (000), a 3-input NOR gate on each card serves as 
the address decoder, providing a high-strobe signal 
when the card’s address is active. Fig 1a shows the lines 
you connect to the first six card connectors. 

Fig 1b shows a PLD (IC;) that generates permutation 


7 
Bs 


Ss i 
Gop cncatid 
es : 


eS 
exes 


addresses in response to a 6-bit address. The address 
can originate from a counter or an address bus. In this 
example, a 6-bit counter drives the PLD, and the 
resulting output addresses provide sequential access to 
34 cards at 500-nsec intervals. The Enable PA signal 
prevents change on the output (O) lines until all the 
input (I) lines have settled, thereby eliminating glitches 
on the O lines. 

The PLD also saves board space. An alternative 
system, for example, required five 74LS138s to gener- 
ate the separate strobes for each of the 34 cards. EDN 
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6-BIT 
COUNTER 
(COUNTS 0 TO 33) 


ENABLE PA 

(GOES ACTIVE WHEN 
6-BIT COUNTER 
LINES ARE STABLE) 


Fig I—A space-saving PLD generates permutation addresses in response to a 6-bit input address. Address lines connect to the backplane 


card slots as shown in a. 
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Talking meter gives dc-voltage readings 


Ricardo Jimenez-G 

San Diego State University, Calexico, CA 
and Francisco Meza and Jose J Lara 
Mexicali Technological Institute, Mexicali, 
Baja California, Mexico 


The Fig 1 circuit is a low-cost ($30) de voltmeter that 
measures a positive 0 to 12.7V input and then voices the 
result in English. The meter can monitor a de voltage 
automatically, thereby freeing a user for other tasks. 
Its resolution is +0.1V. 

Resistors R, and R, attenuate the input voltage, and 
an 8-bit A/D converter (IC,) converts the result to a 


IC 5V 
+O 7805 
QV 


22k iy 


a IC2 
2] 7555 


IC4 
Apc804 DB2 


IC 
YveaCD 
kK 


8A 
4093 


0 TO 12.7V 
SIGNAL INPUT 


decimal equivalent at the outputs DB)-DB,. This 7-bit 
word drives the EPROM’s upper address lines Ac-Ays, 
selecting a block of memory within the EPROM. Count- 
er IC; then scans those memory locations in sequence 
by driving the lower address bits Ay-A;. As a result, the 
EPROM delivers a preprogrammed sequence of in- 
structions to the speech processor chip (ICs). 

Timer IC, is configured as a monostable monovi- 
brator. When you depress the test switch, S,, the 
monostable generates a 1.1-msec pulse that sets the Q 
output of flip-flop IC; high. The resulting negative 
transition at the speech processor chip’s ALD input (pin 
20) loads the current EPROM output and causes the 


TO AUDIO 
33k AMPLIFIER 
+ 


DIGITAL {24 roe to 
OUT 

10 pF 
0.01 wF 


ICe 
SPO256-AL2 


® 
ICes 
71 %CD4093 


0.1 pF 
i Ok 


Fig I—Once you connect an audio amplifier and speaker to this talking voltmeter, the circuit will call out measurements (in English) 
following each closure of the test switch, S;. The meter’s range is 0 to 12.7V dc; its measurement resolution is +0.1V. 


224 


EDN August 6, 1987 


You're not gambling 
with quality when 
you buy 
low-cost 
T70O relays 
from P&B. | 


Quality at just 77 cents | 
UL recognized and CSA certifi 
Potter & Brumfield’s T70 relay 
switches from 1 milliamp through | 
10 amps, resistive, on printed 
circuit boards. All with the same 
reliability and performance that. 
have made PaB relays the industry 
standard. And the T70 costs as little as 
77 cents in 25,000 piece quantities. 


20 different T70 models available 
from stock at PaB, the unit you need is 
probably available off-the-shelf. Your 
PaB distributor or sales representative 
will gladly help you select the model that’s 

a just right for your application. Call toll-free 
F200. -255-2550 for the name of an authorized Potter 
~ & Brumfield distributor or sales representative serv- 
ing your area. Or call your PaB regional office. 


Broad range of ratings a Write for free sample je 
Gold-plated fine silver or silver-cadmium oxide Write us on your company letterhead, briefly a 
contacts are available in a single pole, double describing your potential application for T70 ve 
throw configuration. Contacts of either material relays, and we'll rush you a free sample and LS 
are UL recognized to switch motor loads up through complete specifications. Potter & Brumfield, 77 

1/4 horsepower at 120 volts AC. Silver-cadmium A Siemens Company, 200 South Richland KS @ 
oxide contacts are also rated for 5 amp tungsten Creek Dr., Princeton, Indiana 47671-0001. Vf S 3 
lamp loads at 120 volts AC, while silver is rated Regional Sales: 

3 amps tungsten. Braintree, MA, 617/848-6550: 

Reliability? Of course! Se 

The T70 relay features simplified construction that Princeton, IN, 

enhances reliability while holding cost down. A 812/386-2130: 

sealed version is designed for immersion cleaning, Bristol, England, 

and a plastic dust cover model is also available. (0454) 616263. 


Potter & Brumfield A Siemens Company Pas 
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The Most Powerful 
Instrument of its Kind 


in the World Today 


The New Data 6100 is The to better than 0.01% and resolutions up to a true 16 bits. 
Most Comp I ehensive , Most Now combine them all with the impressive signal 
Powerful Solution Available acquisition and processing expertise and experience 

d dSi 1 of Data Precision. What you'll get is the Data 6100 the 
For Your Advance Signa world's best a oe sas transient analy- 
citi ' Sis, spectrum analysis, vibration analysis, ATE, FFT 
Acquisitio n and Processing analysis and digital storage oscilloscope applications. 
Applications. And, you can get it NOW. 

Take the pure processing power of over 40 pre- Call our SOLUTIONS HOT LINE at 1-800-343- 
ee and resident functions for both time 8150. In Massachusetts call 617-246-1600. Give us the 
and frequency domain measurements. Add total opportunity to tell you just how the Data 6100 or our 
acquisition flexibility with digitizing plug-ins covering _ other test instruments can be an affordable solution 
the entire dc to 1GHz bandwidth. Include accuracies for you. 


ANIALOGIC.® 


@EDATA PRECISION 


DATA PRECISION, Division of Analogic Corporation, Electronics Avenue, Danvers, MA 01923. Tel: 617-246-1600. Telex: 6817144. 
ANALOGIC, Ltd., The Center, Weybridge, Surrey, England KT138BN. Tel: 0932-56011. Telex: 928030 ANALOG G. 
ANALOGIC GmbH, Daimlerring 2, 6200 Wiesbaden-Nordenstadt, W. Germany. Tel: 06122-70060, Telex: (17)6122969 ANA D. 
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SIGN IDEAS 


processor to assert a low logic level at the SBY output 
(pin 8). This action changes the ICsg output to a logic 
one, causing the processor to hold SBY low for an 
interval appropriate to that particular allophone. Note 
that you must connect an audio amplifier and speaker to 
the output as indicated. 

The processor initiates the next allophone cycle by 
driving SBY high. Each audible report requires three 
to 20 allophones, which you can get from the dictionary 
that accompanies the speech-processor package (avail- 
able at Radio Shack). In essence, you must program the 
EPROM in 200 blocks of 3 to 20 bytes each. 

An input of As-A;.=1000000 (corresponding to a 0.1V 
input), for example, produces the words “zero point 
one” from the audio amplifier. You store the allophones 
representing these words in the EPROM as shown in 
Table 1. After each report, the hex-data instructions 4 
and 44 internally reset the speech processor, and via 
the processor’s 06 output they reset the counter and the 
flip-flop as well. 


(Ed Note: Mr Jimenez-G has a 2764 EPROM that 
contains the data required for this circuit. If you send 
him a 2764 device and the necessary postage, he will 
return a programmed EPROM to you. Or, he'll be glad 
to send you a Xerox of the EPROM program if you send 
him a self-addressed envelope with two $0.22 stamps. 
His address 1s 96 Carmen Rivera Ave, Mexicali, Baya 
California, 21280 Mexico.) EDN 
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Design Entry Blank 


$75 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design 
of each issue, determined by vote of readers. Addi- 
tional $1500 Cash Award for annual Grand Prize 
Design, selected among biweekly winners by vote of 
editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 


Title Phone 


Company 


Division (if any) 
Street 

City 

Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EDN, must be 
original with author(s), must not have been previously 
published (limited-distribution house organs excepted), 
and must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules 
of the Design Ideas Program. 


Signed 


Date 


Your vote determines this issue’s winner. All designs 
published win $75 cash. All issue winners receive an ad- 
ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate 
number on the reader inquiry card. 
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“It’s access — fuller, easier information access that’s at the heart of our success 
in selling Digital’s networked desk-top computing,’ states Tom Curry, vice president 
of Marketing at McDonnell Douglas Manufacturing and Engineering Systems Com- 
pany. ‘‘Architectural engineers now realize that the isolated PC is not the answer. ’ 

In Mr. Curry’s view, Digital’s ability to network, plus compatibility from indi- 
vidual workstations to huge processors are ideal for the architectural community. 
“For any building project to progress smoothly, there has to be a coordinated 
effort. The group working on lighting, for example, needs to share information 


“With Digital's networked 


= engineers a more 
productive way to build: 


with those designing heating and ventilation. In the Digital environment, that’s 
exactly what they do. ° 

“In our own marketing efforts,’ adds Mr. Curry, ‘Digital offers two enormous 
competitive advantages. Planning for the future is easier because of Digital's com- 
mitment to compatibility. And we do very little selling of Digital to our customers 
— engineers are already sold.’ To get your competitive advantage now, write: 


Digital Equipment Corporation, 200 Baker Avenue, ” 
West Concord, Massachusetts 01742. Or call your 

local Digital sales office. 

© Digital Equipment Corporation 1987. The Digital logo is a trademark of Digital Equipment Corporation. 
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SIEMENS 


Into a new IV future 
— with high technology 
from siemens 


Every year Siemens supplies millions 
of integrated circuits to the producers 
of entertainment electronics. Day by 
day more than 100 million TV viewers 
make use of this modern IC techno- 
logy — in cable and satellite TV, for 
video and teletext. 


Siemens has set standards in advanc- 
ing technology for entertainment 
electronics: 


@ In 1969 Siemens came along with 
the first IC for television sets, an FM 
IF amplifier, a device that became 
a standard worldwide, and still is. 
More than 100 million of them have 


already been produced. 


siemens was also first in devising 
a modular concept for stereo/dual- 
sound TV, and put it into serial — 
production. 


worldwide in the power supplies of 
television sets and video recorde 


ICs from Siemens are also standard . 


Those are just a few of the pioneering 
achievements from Siemens, and part 
of a continuing process. Working 
together with users, for instance, 

and applying the latest technologies, 
Siemens is currently devising a new 
generation of ICs for the TV set of the 
future, with all the new media possibili- 
ties like broadcast and interactive 
videotext, VPS... Even now Siemens 
is putting digital video signal proces- 
sing onto the market in a flexible 
device package — for digital television. 
Meaning that in future even different 
Standards like PAL,SECAM, NTSC 
and D2 MAC (TV Sat) can easily be ~ 
handled digitally in one and the same 
TV set. | 


D-8510 Furth quoting “ICs for enter- 


Integrated circuits — ? 


Siemens not only has the engineering 

and expertise for mastering complex 
problems, it also has the innovative 
power. Find out more about our exten- 

sive range of modern ICs for entertain- 
ment electronics. Write Siemens AG, —s_—> 
Infoservice 12/Z038, Postfach 2348, 


tainment electronics”. 


and systems 
for entertainment 
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NEW PRODUCTS 


COMPUTERS & PERIPHERALS 


COLOR PRINTER 


@ Provides letter-quality print at 
120 cps 

© Has resolution of 60X18 dots/ 
character 


The 4/62 is a color dot-matrix print- 
er designed for high-volume, letter- 
quality office output. Like the ven- 
dor’s 4/66, it can _— switch 
automatically from cut sheets to 
fanfold paper, without your having 
to remove the paper from the trac- 
tors. An 18-wire staggered print- 
head permits the printer to produce 
letter-quality characters at 120 cps 


PS/2 COLOR MONITOR 


@ Has automatic scan frequency 
synchronization 

@ Features a 12-in., 0.28-mm dot- 
pitch CRT 


The Ultrasync is an RGB color mon- 
itor for the IBM Personal System/2 
Series computers; the IBM PC, 
PC/XT, PC/AT, and compatibles; 
and Apple’s Macintosh II. The mon- 
itor can automatically synchronize 
with any horizontal scan frequency 
from 15 to 35 kHz and, most nota- 
bly, with any vertical scan frequen- 
cy from 50 to 120 Hz. Measuring 12 


232 


in a single pass. Its resolution is 
60x18 dots/character; its noise level 
is below 55 dB. The device prints in 
seven colors, and you have the op- 
tion of employing as many as six of 
the 20 available fonts on one page. 
The 15.4-in. printable width per- 
mits the processing of legal docu- 
ments, spreadsheets, and B-size 
landscape paper. The printer is 
compatible with the IBM Graphics 
Printer and the Epson JX 80. $2160. 
Honeywell Bull Italia, 120 How- 
ard St, Suite 800, San Francisco, 

CA 94105. Phone (415) 974-4340. 
Circle No 351 


in. diagonally, the monitor is com- 
patible with the IBM MDA, EGA, 
CGA, and PGC; Hercules graphics 
card; and Persyst BOB. Its dot pitch 


is 0.28 mm; its resolution is 770X570 
pixels max. The monitor offers 
eight, 16, or 64 colors for TTL in- 
puts and has an infinite color palette 
for analog inputs. It features a 
30-MHz video bandwidth and a 
built-in tilt-and-swivel base. $795. 
Princeton Graphics Systems, 
601 Ewing St, Bldg A, Princeton, 
NJ 08540. Phone (800) 221-1490; in 
NJ, (609) 683-1660. TLX 821402. 
Circle No 352 


GRAPHICS CONTROLLER 


e@ Prints graphics on a single- 
height VME Bus Eurocard 

@ Utilizes the Hitachi Advanced 
CRT Controller (ACRTC) 63484 


The VGPM is a graphics controller 
designed around the _ Hitachi 
ACRTC 63484 and integrated ASIC 
chips.The vendor claims that this 
single-height VME Bus Eurocard 
provides the performance of a dual- 
height board. The ACRTC 638484 
runs at 8 MHz and provides typical 
drawing rates of 2 million pixels/sec. 
The 1M-byte dynamic RAM can be 
accessed in the 82-MHz dual mode 
or the 64-MHz single mode; the 
board is compatible with 20-in. 
flickerless-screen monitors. The 
board’s horizontal and vertical fre- 
quencies are programmable via the 
ACRTC, and its graphics resolution 
is programmable to 1280x1024 
pixels. The controller uses bit-block 
transfers to generate characters 
rapidly. The controller provides 16 
colors with 4 bits/pixel; an optional 
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NAGOR 


Gorngonent SOBNAs 
Tor Nour CNet SYSTEM 
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WPS 
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No Room Left For Your Power Supply? 
Talk To VICOR! 


VI-200’s deliver as much as 200W from 5.5 In.° 


Write for our application note, 
“Power Systems Size Reduction with 
High Density DC-DC Converters.” 


VICOR Corporation, 23 Frontage Road, Andover, MA 01810 Tel: 617-470-2900, TWX: 910-380-5144, FAX: 617-475-6715 


100% CMOS VME! 


Low power, low heat 


The DCPU1 is the first all CMOS VME SBC available. Low 
power allows portable applications, the memory and clock 
are even battery-backed on board. Low heat means you 
can stack a lot of boards in a card cage without heat 
problems. 68HCO00 CPU, lots of /0, up to 512 Kbytes of 
Static RAM, can even be programmed on an IBM PC. A 
terrific SBC! 


19 Th , Irvine CA 92718 
D YNATE 900-543-3830, in Califomia 714-855-3235 


A Terrific VME SBC! 


Lots of 1/0; up to 512 Kbytes no-wait SRAM E 
The DCPU1 is a terrific VME SBC. All CMOS. Two serial § 
ports, 40 parallel 1/0 lines, 3 timers, real time clock. Up to | 
512 Kbytes of no-wait static RAM and 128 Kbytes of 
EPROM. You can even program it on an IBM PC (or compat- 3} 
ible) and download, to cut development time and costs. 3 
68HC000 CPU device. Under $1000. A terrific SBC! 


19 Th , Irvine CA 92718 
D YNATE M 800-543-3830, in California 714-855-3235 


Program VME on an 
IBM PC! 


Simplest programming of any VME SBC 


The DCPU1 programming can be prepared on an IBM (or 
compatible) PC using commerically available languages, 
then downloaded to the module using software we supply. 
Makes development simpler, at a much lower cost. All 


VME under $1000! 


More performance per dollar than any. 

The DCPU1 is a terrific VME SBC. All CMOS. Lots of 1/0, two 
serial ports and 40 parallel lines, real time clock and three 
timers. Up to 512 Kbytes of no-wait static RAM, 128 Kbytes 
CMOS, 68HC000 CPU, lots of 1/0, up to 512 Kbytes of no- of EPROM. Can even be programmed on an IBM PC. Yet it’s 
wait static RAM. A terrific SBC! actually priced under $1000! 


19 Thomas, Irvine CA 92718 7 19 Thomas, Irvine CA 92718 
DYNATEM 800-543-3630, in California 714-855-3235 DYNATEM 800-543-3830, in California 714-855-3235 
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COMPUTERS & PERIPHERALS 


color look-up table lets you display 
16 simultaneous colors from a pal- 
ette of 4096. The board requires 5V 
de at 0.9A typ and operates over 0 to 
70°C. $1499 (OEM qty). 

Pep Modular Computers Inc, 
600 N Bell Ave, Pittsburgh, PA 
15106. Phone (800) 228-1737; in PA, 
(800) 255-1737. TLX 6711521. 

Circle No 353 


LAN INTERFACE 


@ Interfaces Q Bus systems to 
Arcnet LANs 
@ Provides onboard data buffering 


The Q Bus-compatible Q-ARC-01 in- 
terface card allows you to connect 
equipment based on Micro/Vax II, 
Micro/PDP, or LSI-11 architectures 
in an Arcnet LAN. You can use the 
ecard with the 16-, 18-, and 22-ad- 
dress-bit versions of the Q Bus. The 
interface is based on the SMC9026 
network-controller IC, and it has 2k 
bytes of onboard dual-port RAM 
(four 512-byte packet buffers). Both 
the send and the receive data chan- 
nels can use these packet buffers in 
any combination, and you can locate 
the base address of this buffer mem- 
ory on any 2k-byte boundary within 
the Q Bus’s memory-address range. 
You can position the SMC9026’s con- 
trol and status registers on any 
4-byte boundary within the Q Bus 
I/O page. $1795. 

Comendec Ltd, 6a School Lane, 
Hopwas, Tamworth, Staffs B78 
3AD, UK. Phone (0827) 286180. 

Circle No 354 

C&C Marketing, Box 280, Bata- 

via, IL 60510. Phone (812) 879-2074. 
Circle No 355 
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TRANSPUTER INTERFACE 


@ Allows you to install Transputer 
boards in IBM PCs 

e Provides a bridge between the 
PC bus and other buses 


The Megaframe/IBM adapter card 
allows you to install any of the com- 
pany’s Megaframe ‘Transputer- 
based parallel-processing industrial 
computer boards in a standard IBM 
PC slot. This facility allows you to 
use the PC as a Transputer-develop- 
ment system or to operate the 
Transputer board as an accelerator, 
improving the PC’s processing 
power. Alternatively, you can plug 
only the adapter card into the PC 
and communicate with other equip- 
ment via a 20M-bps Transputer link 
operating at RS-422 levels. This link 
can be as long as 10m. The vendor 
offers interface boards that allow 
you to connect the link’s far end into 
Transputer systems or into VME 
Bus and Siemens industrial-bus sys- 
tems. DM 980. 

Parsytec GmbH, Julicher Strasse 
338, 5100 Aachen, West Germany. 


Phone (0241) 1822275. TLX 
08329659. 

Circle No 356 
VISION SYSTEM 


@ Provides image capture on IBM 
PC/XT and PC/AT 

@ Allows real-time or post-capture 
wmage processing 


The IDS512 and IDS542 add-in 
boards for IBM PC/XTs, PC/AT's, or 
compatible computers provide 
512x512-pixel and 1024 1024-pixel 
imaging capabilities, respectively. 
The boards accept three CCIR or 
NTSC standard composite-video in- 


puts, which are digitized to 8-bit/ 
pixel resolution. The boards have 
internal or external gen-lock faci- 
lities, which synchronize the digiti- 
zation to the video signal. The digi- 
tizer output is then fed through an 
8-bit input look-up table before 
being stored in video RAM. The 
video RAM provides RGB outputs, 
which pass through separate 8-bit 
output look-up tables before being 
converted back to analog signals by 
three separate D/A converters. -A 
monochrome’ output is also 
provided. Feedback from the output 
to the input allows real-time image 
processing. PC-bus access to the 
look-up tables and video RAM al- 
lows you to modify the look-up-table 
data and post-capture image pro- 
cessing. A floppy disk containing a 
library of image-processing routines 
—inecluding linear and nonlinear 
convolutions—and menu-driven vi- 
sion-system software are provided 
with the board. From Frfr 55,000. 

i2S, BP 76, 33041 Bordeaux 
Cedex, France. Phone 56291003. 
TLX 540504. 


Circle No 358 


MEASURING INSTRUMENT 


@ Measures machine speed in 
thousands of instructions/sec 

@ Shows results on a 7-segment 
LED display 


The Mipster is a modular measuring 
instrument for the IBM PC, PC/XT, 
or any 8086- or 8088-based system. 
It measures the following system 
parameters: machine speed (in thou- 
sands of instructions/sec), CPU 


clock frequency (within 0.03% accu- 
Text continued on pg 238 
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MOS into the FAST lane. 


Now, Advanced CMOS Logic (ACL) 
gives you speed and drive to match FAST. 
You get all the advantages of CMOS, with 
less than 3ns propagation delay (AC 00 
NAND Gate) and 24mA output drive current. 

Outperforms FACT.* 

Our ACL is faster than FACT. GE/RCA 
ACL uses a 1.5 micron channel length N-well 
CMOS process resulting in an on-chip gate 
delay of only 0./ns. 

FAST speed, CMOS low power. 

ACL power dissipation is typically less 
than 25% of aFAST bipolar device. ACL dis- 
Sipates less than a quarter of one Watt while 
Switching, compared to one full Watt for a 
FAST IC (transceiver operating at 5 MHz). 
Quiescent power savings are even more 
dramatic. ACL idles at 1/1000 the power of 
a FAST IC (.smW vs. .5W). 

And with lower heat dissipation than 
bipolar, you can expect ACL to perform more 
reliably than FAST andAs. 

Latch-up and ESD Protection. 

Latch-up concern is virtually eliminated. 
ACL uses a thin epitaxial layer which effec- 
tively shorts the parasitic PNP transistor 


*FAST and FACT are trademarks of Fairchild Semiconductor Corp. 


Advanced CMOS Logic: the new industry 
standard that’s fast as FAST. 


responsible for SCR latch-up. 

And new dual diode input/output circuit 
provides ESD protection in excess of 2KV. 

High Rel and macrocells, too. 

Most ACL designs from GE/RCA will be 
available in our macrocell library for standard 
cells. And we'll have High Rel versions screened 
to MIL-STD-883 Class B coming soon. 

Expanding productline. 

Our line already includes 52 of the most 
popular types. By year-end, we'll have 124 
types (10 SSI, 100 MSI, and 14 LSI) in both 
AC and ACT (TTL-compatible) versions. 

Prices comparable to FAST. 

Our ACL line is priced comparably to 
FAST, so your savings with CMOS low power 
pay for the cost of switching. 

Start your sampling today. 

Put yourself ahead in the technology 
race with free samples. Samples must be 
requested on company letterhead. Write: 
GE/RCA Solid State, Box 2900, Somerville, 
NJ 08876. 

For more information, call toll-free: 
800-443-7364, extension 11. Or contact your 
local GE/RCA sales office or distributor. 


In Europe, call: Brussels, (2) 246-21-11; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (2) 82-291; Munich, (89) 63813-0. 
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COMPUTERS & PERIPHERAIS 


racy), number of memory accesses, 
number of I/O port accesses, and 
number of times the CPU flushes 
the instruction-stream queue. A 
probe, which plugs into the system 
under test, intercepts and processes 
the appropriate signals either to or 
from the CPU. The results are sent 
to a 7-segment LED display. You 
can use front-panel keys to select 
the mode of operation (continuous 
or triggered), the counting period 
(1.0 or 0.1 sec), and the system 
parameter. When operating in the 
continuous mode, the device re- 
freshes the selected parameter 
every 1.0 or 0.1 sec; in the triggered 
mode, it accumulates the parameter 
once and then displays it. $495. 
Falcon Technology Inc, 664 W 
Hawthorne St, Glendale, CA 91204. 
Phone (818) 244-6460. 
Circle No 359 


RAM BOARD 


@ Accommodates as much as 2M 
bytes of static RAM or ROM 

@ Provides two memory blocks 
with different access times 


You can load the single-Eurocard 
VMEM-S1 VME Bus memory board 
with CMOS static RAM or ROM, or 
a mixture of static RAM and ROM, 
to a maximum capacity of 2M bytes. 
The board has sixteen 32-pin sock- 
ets that you can fill with 28- or 
32-pin memory devices. The memo- 
ry is divided into two separate mem- 
ory blocks, so you can use different 
access-time devices for each block. 
The board accommodates devices 
having access times in the range of 
100 to 250 nsec. It provides for the 
battery backup of static RAM. The 
board’s VME Bus slave interface 


238 


includes both address and address- 
modifier decoding. DM 990. 

Pep Modular Computers GmbH, 
Am Klosterwald 4, 8950 
Kaufbeuren, West Germany. Phone 
(08341) 8974. TLX 5412338. 

Circle No 360 

Pep Modular Computers Inc, 
600 N Bell Ave, Pittsburgh, PA 
15106. Phone (412) 279-6661. TLX 
6711521. 


Circle No 361 


COPROCESSOR BOARD 


@ For IBM PC-family- or BIOS- 
compatible systems 

@ Runs benchmark 2.6 times fast- 
er than a VAX 11/780 does 


The FB-4016 is a general-purpose 
coprocessor board that is compatible 
with IBM PC/AT-, PC/XT-, or 
BIOS-compatible systems. It com- 
bines the polyForth multitasking, 
multiuser operating system with 
the Novix NC-4016 high-speed mi- 
croprocessor, yielding a high-speed 
coprocessor board for the IBM PC. 
Running polyForth at 5 MHz, it 
executes 10 Sieve of Eratosthenes 
benchmarks in 0.55 sec, which is 2.6 
times faster than a VAX 11/780 or a 
68020 running C at 16.7 MHz. The 
board has 128k bytes of RAM with 
100k bytes available for applica- 
tions. Applications needing faster 
I/O speed than is available through 
the PC bus can use the device’s 
internal 40-pin high-speed I/O port 
directly. An extensive math library, 
database support, and a 1-msec 
clock for real-time applications are 
also included. $3450. 

Forth Inc, 111 N Sepulveda Blvd, 
Manhattan Beach, CA 90266. Phone 
(213) 372-8493. 

Circle No 362 


1-BOARD COMPUTER 


@ Runs a 12.5-MHz 68020 pP and 
a 68881 math coprocessor 

@ Includes serial ports, SCSI-bus 
and floppy-disk interfaces 


The Omega-OEM 32-bit single- 
board computer features a 12.5- 
MHz 68020 wP and a 68881 math 
coprocessor. It has 1M byte of zero- 
wait-state, nonvolatile static RAM, 
and it provides space for as much as 
256k bytes of EPROM/ROM. You 
can expand the RAM to 5M bytes. 
Its communications ports include 
five RS-232C serial ports; a Cen- 
tronics-compatible parallel port; and 
a 16-bit, bidirectional parallel print- 
er port. The board also has a bat- 
tery-backed real-time clock/calen- 
dar, a SCSI-bus initiator, and a 
Shugart-compatible floppy-disk con- 
troller. Its buffered, 16-bit expan- 
sion bus allows you to access 16M 
bytes of user memory. The board 
consumes 8W of power and has on- 
board rectification and power-sup- 
ply regulators that allow you to 
power it directly from a transform- 
er. Omega-OEM board, £1395 (100); 
OS-9/68K operating system, with a 
C compiler, £520. 

Windrush Micro Systems Ltd, 
Worstead Laboratories, North 
Walsham, Norfolk NR28 9SA, UK. 
Phone (0692) 404086. TLX 975548. 

Circle No 363 
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CMOS EPROM 


@ Offers 35-nsec access tume 
@ Features 8k x8-bit organization 


The 35-nseec WS57C49B is the 
world’s fastest 8kx8-bit CMOS 
EPROM, according to the manufac- 
turer. As a pin-compatible, pro- 
grammable alternative to bipolar 
PROMs, the device consumes a frac- 
tion of the power (400 mW). Avail- 
able in a 35-nsec commercial version 
or a 45-nsec military version, the 
EPROM comes in a 300-mil-wide 
ceramic DIP, a 600-mil-wide DIP, or 
a 28-pin ceramic LCC. 35-nsec ver- 
sion in a 300-mil ceramic DIP, 
$29.50 (100). 

Waferscale Integration Inc, 
47280 Kato Road, Fremont, CA 
94528. Phone (415) 656-5400. 

Circle No 368 


BRIDGE TRANSDUCER 


e Maximum nonlinearity is 
+ 0.005% 
@ Offset TC is +0.07pV/°C 


The hybrid 1B32 is the most accu- 
rate strain-gauge signal conditioner 
available, claims the manufacturer. 
Providing amplification, filtering, 
and voltage excitation for load cells 
and other’ bridge-configuration 
transducers, the device includes a 
chopper amplifier, a low-pass filter, 
and an adjustable transducer-excita- 
tion source. The signal conditioner’s 
+(0.005% max nonlinearity error 
and 140-dB CMR (at 60 Hz, for a 
gain of 1000) makes it compatible 
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with requirements for 14- to 16-bit 
accuracy. Other specs include a 
+(0.07-~V/°C voltage-offset temper- 
ature coefficient (TC), a +2-ppm/°C 
gain TC, and 1-pV p-p noise (0.1 to 
10 Hz). The 1B32 provides an ad- 
justable +10V offset that lets you 
null a large load or do tare adjust- 
ments. Pin-programmable gains in- 
clude 333.3 and 500 for 2-mV/V and 
3-mV/V load cells, respectively. The 
device draws 4 mA/—1 mA from 
+15V supplies and comes in a 28-pin 
DIP. $52 (100). Delivery, four to six 
weeks ARO. 


bid Syste? | 


FLASH A/D CONVERTER 


@ Has 8-bit resolution 
@ Provides 20M-sample/sec 
digitizing rate 


The HS1068 20M-sample/sec, flash 
A/D converter includes all neces- 
sary analog-support circuitry in the 
package: a wideband input amplifi- 
er, precision 1.2V voltage reference, 
and a 3-state output register. The 
8-bit device comes in a 24-pin DIP 
that occupies less space than the 
original 28-pin-DIP TDC1048. You 
pin-program the converter to accept 
an input range of either 0 to 1V or 
+0.5V, and you can select straight 
binary, inverted binary, 2’s comple- 


Analog Devices Inc, Literature 
Center, 70 Shawmut Rd, Canton, 
MA 02021. Phone (617) 461-3643. 
TLX 174059. TWX 710-394-6577. 

Circle No 369 


ment, or inverted 2’s complement 
output code. Separate digital out- 
puts flag input overranges at zero 
and full scale. Power supplies are 5V 
and —5.2V, drawing 101 and 207 
mA, respectively. Power dissipation 
is 1.67W. Other key specs are 
+14LSB integral and differential 
linearity errors, 60-psec aperture 
time, 2% differential gain, and 1° 
max differential phase. HS1068C, 
$295; HS1068B, $375 (100). Deliv- 

ery, eight to 12 weeks ARO. 
Hybrid Systems Corp, 22 Linnell 
Circle, Suburban Industrial Park, 
Billerica, MA 01821. Phone (617) 

667-8700. TWX 710-347-1575. 
Circle No 370 
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CMOS D/A CONVERTER 


@ 12-bit resolution; 8-bit-bus com- 
patible ! 

® Accepts left- or right-justified 
data 


The PM-7548 CMOS D/A converter 
combines 12-bit resolution with an 
8-bit data-bus interface that accepts 
left- or right-justified data. The dig- 
ital inputs are buffered; you can 
update the converter immediately 
or retain data in the input latches 
for later use. In addition, a data- 
override function lets you load the 
converter with all zeros or all ones 
without altering data in the input 


latches. It features +%-LSB inte- 
gral and differential linearity error 
over temperature, +1-LSB gain 
error, and 0.03-LSB max zero-seale 
error. Compared with the original 
industry-standard equivalent, the 
converter offers a 30% reduction in 
glitch energy, a 30% reduction of 
input capacitance, and a 20-dB im- 
provement in PSR. The internal 
voltage regulator ensures TTL com- 
patibility while operating with sup- 
ply voltages from 5 to 15V. The 
device comes in two electrical 
grades for each of the commercial, 
industrial, and military tempera- 
ture ranges. From $7.58 to $30.92 
(100). Delivery, eight to 10 weeks 
ARO for the commercial grade; 
stock for the industrial and military 
grades. 

Precision Monolithics Inc, Box 
598020, Santa Clara, CA 95052. 
Phone (408) 727-9222. TWX 310- 
371-9541. 

Circle No 371 


ANALOG SWITCH 


@ Crosstalk is —77 dB at 10 MHz 
@ 4X1 crosspoint switch 


The LR404 is a 4X1 crosspoint ana- 
log switch that comes in a 14-pin 
plastic DIP. The device is suitable 
for use in video signal-switching 
matrices; using multiple devices, 
you can switch many outputs to a 
common output. The chip provides 
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Color by 


WW atch Apple’s new Macintosh 


II do for color computing 
what the original Macintosh 
did for black & white. Our 
RAMDAC enables Macintosh 
II to display some of the finest 
quality graphics available 


ina personal computer. 
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differential phase and gain of 0.05° 
and 0.05%, respectively, at 3.58 
MHz. Crosstalk is better than —77 
dB at 10 MHz. $4, moderate quanti- 
ties. 

Linear Technology Inc, Box 489, 
Station A, Burlington, Ontario, 
Canada L7R 3Y3. Phone (416) 632- 
2996. TLX 0618525. 

Circle No 372 


DATA ACQUISITION 


@ Complete, 12-bit data-acquisi- 
tion systems 

@ 45k-sample/sec at 8-bit resolu- 
tion 


The SDM862 and SDM868 are mini- 
ature, complete data-acquisition 
systems, available either in a 68- 
lead LCC or a 68-lead pin-grid 
array. They both include an input 
multiplexer (the SDM862, 16-chan- 
nel single-ended; the SDM&63, 8- 


channel differential); an instrumen- 
tation amplifier that is 
jumper-programmable for gains of 
1, 10, and 100; an S/H amplifier; an 
A/D converter with a wP-compati- 
ble interface; and 3-state output 
buffers. The throughput rate for 
both devices is 22.22k-samples/sec 
in the serial mode or 33.33k-sam- 
ples/sec in the overlap mode. It has 
input ranges of 0 to 10V, +5V, and 
+10V, and accuracy grades of 
0.024% FSR and 0.012% FSR in the 
commercial-, industrial-, and mili- 
tary-temperature versions. Both 
models come in versions qualified 


for the requirements of BS9450/ 
CECC63000. To evaluate the LCC 
versions, you can obtain a Eurocard 
pe board with an LCC socket from 
the company. From $103 (100). De- 
livery, stock to eight weeks ARO. 
Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TLX 666491. TWX 910-952- 
1111. 
Circle No 373 


QUAD OP AMP 


@ 140-dB dynamic range with less 
than 0.0015% distortion 
@ Drives 600Q loads 


Suitable for use in compact-disk 
players and other digital-audio sys- 
tems, the LM837 quad op amp gen- 
erates less than 0.0015% distortion 
over a 140-dB dynamic range. The 
output stage can drive a 6000 load. 
The standard pinout (in a 14-pin 
DIP) lets you upgrade an existing 
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Brooktree 


from a 16.8 million color palette. 


with 256 color lookup table. 
Monolithic CMOS. 


Macintosh II. 640x480 resolution, 
displays 256 colors simultaneously 


Bt453. Triple 8-bit 40 MHz RAMDAC 


Brooktree Corporation, 9950 Barnes 


Canyon Road, San Diego, California 
92121. 1-800-VIDEO IC or 1-800- 
2 422-9040, in California. 


_ Apple® and Macintosh II are trade- 
_ marks of Apple Computer Corporation. 


CIRCLE NO 43 
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mate Math Machine. | 


The Ulti 


The /'astest Floating Point DSP 
on the market today! 


” 100ns Instruction Cycle Time # 40 MHz High-Speed Clock 


An outstanding achievementin Digital = You’reassuredtrue DSPapplicationease, 


Signal Processing. 


OKI presents the first real technology 
breakthrough in DSP with the CMOS 
6992. A very high speed, very high per- 
formance Floating Point Processor which 
operates over a wide dynamic range—up 
to 480 dB. And provides pre- and post- 


speed and cost-efficiency using OKI’s spe- 
cial 6992 ICE optimized for realtime emu- 
lation. Supplied with a Macro Assembler 
and a special library of subroutines. Plus 
a PC add-on Evaluation Board you can 
order today—to get a fast start into ad- 
vanced CMOS Floating Point DSP. 


normalization — in the first true CMOS 
Floating Point DSP. 


The Ultimate Math Machine. 


OKI’s 6998 puts exceptional flexibility 
into your hands. A single chip, configu- 
rable for floating point format, fixed 


OKI: the fast track in DSP 


for graphics, high-performance 
modems, image processing, speech 
processing and robotics applications. 


Touupiieneen waar 


data format or a logical data format. PECIAL OFFER: poner 
Easy to interface with 8-bit, 16-bit and a 
dea-bit MCUs. [] Please rush OKI 6992 DSP PC Add-on 


Evaluation Board(s)—125ns version with Assem- 
bler and technical data. Special introductory price 
per Board is $480.00, including shipping/handling/ 


Fastest development, too. Because OKI, of 
course, supports the DSP’s sophistication 
with every sophisticated development and 
debugging tool you need—all PCDOS* 

compatible. 


sales taxes. 
q Check or money order for $ 
(Sorry, no company purchase orders please.) 


[|] Send only technical data package on OKI 6992 high- 
speed CMOS DSP. 


enclosed. 


Name/Title _ 
q Company 
————) Address 
—/@ City State ZIP 
ee] 
omnia, Return to: Tel: (___ i) 
eee, 


a DSP Marketing Manager, OKI Semiconductor, 650 N. Mary 
| Avenue, Sunnyvale, CA 94086. (408) 720-1900. Offer limited to 3 

i je Boards per customer and expires August 31, 1987. Available only 
EF ij for USA and Canada shipment. 


OKI 
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*PCDOS is a trademark of Microsoft Corporation. 


C 
MODULA 2 
PASCAL 


Cross-Compiler Systems 


@®High performance, field- 
proven software develop- 
ment systems producing ex- 
tremely compact, fast- 
executing, ROMable output 
code. 


®Each cross-development 
‘package includes: 


eC, Modula 2, or 
Cross-Compiler 

eMacro Relocating Cross- 
Assembler 

e Object Code Librarian 

e Object Module Linker 

e Hexadecimal Format Loader 
(S-Records, Intel Hex, TEK Hex] 

e Standalone Support Library 
(EPROMable, with full floating 
point Support] 


Pascal 


@ All languages can be intermix- 
ed with assembly language 


@ Targets supported: 


6301/03 
6801/03 

6809 

68HC11 
68000/08/10/12 
68020/881/851 
32000/32/81/82 


® Available for following hosts: 


VAX: VMS/UNIX/ULTRIX 
PDP-1 1: UNIX/TNIX/VENIX 
68000: UNIX System V 
PC,XT,AT: MS-DOS 
PowerNode: UTX/32 


UNIX: TM of AT&T Bell Labs. 

VAX, VMS, PDP-11, ULTRIX: 

TM of Dig. Equip. Corp. 

TNIX: TM of Tektronix Inc. 

VENIX: TM of VenturCom 
PowerNode, UTX/32: TM of Gould Inc. 


INTROL CORPORATION 
647 W. Virginia Street 
Milwaukee, Wi 53204 
(414) 276-2937 
FAX: (414) 276-7026 
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system with few or no design 
changes. The chip is also available in 
a molded small outline package. 
Unity-gain stable, the monolithic 
device specs an 8-V/ysec slew rate, 
a 140-kHz power bandwidth, and a 
15-MHz gain-bandwidth product. 
The input-noise voltage is 0.5 pV 
rms. $1.25 (25,000). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-5856. TLX 346353. 
TWX 910-339-9240. 

Circle No 374 


A/D CONVERTER 


@ Bar-graph and 10-bit-serial out- 
puts 
@ Two selectable set-points 


The TSC8&27 is a CMOS integrating- 
type A/D converter that includes 
on-chip drivers for a 101-segment 
LCD bar-graph display. The inter- 
nal resolution is 1000 counts 
(+0.1%), and the result of each con- 
version is available as an additional 
serial digital output for use in driv- 
ing numeric displays. The converter 
accepts positive inputs with full 
scale ranging from 0.1 to 2V, and 
the differential signal and reference 
inputs simplify the interface to a 
variety of signal sources. You can 
use switches or software program- 
ming to specify two setpoints; sepa- 
rate annunciators then flag under- 
and overrange inputs. The typical 
conversion rate is 7.5 samples/sec. 
The device consumes 15 mW and 
operates from a 9V battery. It 
comes in a 68-pin PLCC or a 60-pin 
flatpack. From $10.80 (100). 
Teledyne Semiconductor, Box 
7267, Mountain View, CA 94039. 


Phone (415) 968-9241. TWX 910- 
379-6494. 
Circle No 375 


®@ Achieves a bandwidth of over 
800 MHz into 50Q, loads 

@ Has several programmable 
parameters 


Featuring output rising- and falling- 
edge slew rates of 1400 and 900 
V/psec, respectively, the SL2541 op 
amp can directly drive 500 loads 
with a bandwidth in excess of 800 
MHz. The output settling time to 
0.5% of final value is 30 nsec, and 
various parameters, including open- 
loop gain, output current, supply- 
voltage range, and output de offset, 
are externally programmable. The 
$L2541 is supplied in a 16-pin ce- 
ramic DIP or in a 20-pin leadless 
chip carrier; both packages operate 
over the military temperature 
range. £30.92 (100). 

Plessey Semiconductors Ltd, 
Cheney Manor, Swindon, Wiltshire 
SN2 2QW, UK. Phone (0793) 36251. 
TLX 449637. 

Circle No 376 

Plessey Semiconductors, 9 Par- 
ker, Irvine, CA 92718. Phone (714) 
472-0308. TLX 701464. 

Circle No 377 


COMPARATOR 


@ Features sub-nsec propagation 
delay 

® Contains eight comparators 
grouped as two sets of four 


The SP93808 octal comparator fea- 
tures latched output data, adjust- 
able input hysteresis, and glitch- 
capture circuitry. The eight compa- 
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rators within the IC are divided into 
two groups of four, with each group 
controlled by a separate buffered 
clock input. The comparators spec a 
typical propagation delay of 950 
psec, and individual comparator de- 
lays within the device are matched 
to within +100 psec. They have a 
differential input voltage range of 
+4V and a maximum input offset 
voltage of +2.5 mV. The glitch- 
capture circuitry allows you to de- 
tect and latch glitches independent- 
ly of the comparator strobe. Input 
hysteresis is adjustable between 0 
and 10 mV, and the comparators can 
directly drive 500 loads. £40.37 
(1000). 

Plessey Semiconductors Ltd, 
Cheney Manor, Swindon, Wilts SN2 
2QW, UK. Phone (0798) 36251. TLX 
449637. 

Circle No 378 

Plessey Semiconductors, 9 Par- 
ker, Irvine, CA 92718. Phone (714) 
472-0303. 

Circle No 379 


CHIP SET 


@ PC/AT peripheral-control and 
CPU functions in four ICs 

@ 6-, 8-, 10-, and 12-MHz opera- 
tion 


The FE38400 chip set provides 
PC/AT peripheral-control and CPU 
functions with only four ICs. Imple- 
mented in 2-u4m HCMOS technolo- 
gy, the four chips replace eight sup- 
port ICs including the 8284 and 
82284 clock generators, the 82288 
bus controller, two 8237 DMA con- 
trollers, two 8259 interrupt control- 
lers, an 8254 timer, and numerous 
SSI and MSI logic chips. Using the 
chip set reduces the area of a typical 
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PC/AT mother board from 142 to 
21.5 in* and reduces the typical chip 
count from 95 to 19. In addition, the 
chip set reduces the power require- 
ment by 50% (16W). The FE3400 
chips operate under the company’s 
copyrighted BIOS to ensure IBM 
compatibility and are software-pro- 
grammable for 6-, 8-, 10-, or 12-MHz 
operation. Starter kits and design- 
support tools are available. $118 

(100). Delivery, 10 weeks ARO. 
Faraday Electronics, 749 N 
Mary Ave, Sunnyvale, CA 94086. 
Phone (408) 749-1900. TLX 706738. 
Circle No 380 


A/D CONVERTERS 


© Perform a 10-bit conversion in 
15 psec 
@ Feature parallel and serial I/O 


The ZN503 and ZN504 are 10-bit 
successive-approximation A/D con- 
verters that feature parallel and 
serial 3-state outputs. The ZN503 
has a linearity specification of % 
LSB, while the ZN504 has a lineari- 
ty specification of 1 LSB. You can 
configure the devices’ TTL/CMOS- 
compatible parallel interface for 8- 
or 16-bit operation. The serial out- 
put suits the converters for remote 
sensing applications by reducing 
wiring requirements. Both devices 
have an on-chip 2.5V precision volt- 
age reference, and are pin-program- 
mable to have input ranges of 0 to 
2.5V, 0 to SV, or —2.5 to +2.5V. 
With the addition of two external 
components, the converters can per- 
form a 10-bit conversion in 15 psec. 
The ZN508 is available only as a 
military grade part in a 28-pin ce- 
ramic DIP and is priced at £22.27 
(100). The ZN504 is available in a 
28-pin ceramic or plastic DIP. 


Microstepping 
Made Easier 


Rifa’s new microstepping circuits 
make it easy. Two ICs, 8 passive 
components and a voltage 
reference is all it takes to build a 
complete microprocessor- 
compatible, microstepping system 
for a two-phase stepper motor. 


The PBL 3771, is a dual 
switchmode driver, with an output 
drive capability of 500 mA per 
phase. Extended low-current 
linearity, switchable fast/slow current 
decay and precise matching 
between the two channels make it 
ideal for microstepping applications. 


The PBM 3960 is a dual 7-bit + 

sign Digital-to-Analog converter, 
specially developed to match the 
PBL 3771. The PBM 3960 can 

be programmed to select fast or 
slow current decay automatically for 
enhanced high-speed 
microstepping performance. 


It couldn’t be easier. Write or call for 
more information. 


quality for the future 


Greenwich Office Park 3, P.O. Box 3110 
Greenwich, CT 06836-3110 
Tel: (203) 625-7300/7301 
Telex: 221976 ERIAN UR 
Telefax (203) 625-7357 
ERICSSON & airass a member of the Encsson Group 
Circle Reader Service No. 018 
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IEEE 488 
for PCs 


Our new Personal488 is the first IEEE 
interface for the PC to use the full 
power of a DOS device driver. This 
means you don't have to load IEEE 
routines at the beginning of every 
program, and you can access IEEE 
devices from all popular languages. 


Programs written for the Personal488 
are shorter and more readable than 
any other IEEE interface for the PC. 


TOtech Personal488 _ 
National Instruments 


or send for your — 
-E 1987 Catalog 

of lOtech's IEEE 488 
converters, controllers, 
extenders, buffers, 

& software. & 


1Otech, Inc. 23400 Aurora Road 
Cleveland, Ohio 44146 Telex 6502820864 


(21 6) 439-4091 
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INTEGRATED CIRCUITS 


ZN503, £22.27; ZN504 ceramic, 
£14.18; ZN504 plastic, £9.45 (100). 
Ferranti Electronics Ltd, Fields 
New Rd, Chadderton, Oldham, 
Lancashire OLY 8NP, UK. Phone 
061-624 0515. TLX 6680388. 
Circle No 381 
Ferranti Electric Inc, 87 Modu- 
lar Ave, Commack, NY 11725. 
Phone (516) 548-0200. TLX 6852104. 
Circle No 382 


OF es 80L286 16-Bit Microprocessor gl 


eo 


LOW-POWER 80286 uP 


@ Operates at 12.5 MHz 
@ Dissipates 2.2W at 55°C 


The 80L286 is a low-power version 
of the standard 16-bit pP. It con- 
sumes 2.2W (30% less than the 
standard) and comes in 8-, 10-, and 
12-MHz versions. Like the 80286, 
the 80L286 is compatible with soft- 
ware written for the 8086 and 8088 
wPs. The company offers support 
peripherals for the 80L286, as well 
as the standard 80286. In 12.5-MHz, 
68-pin plastic leaded-chip carrier, 
$100 (100). 

Advanced Micro Devices Inc, 
Box 3453, Sunnyvale, CA 94088. 
Phone (408) 732-2400. 
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CMOS STATIC RAMs 


@ 256kxX1- or 64k x4-bit organiza- 
tions 
@ Feature 35-nsec access time 


The 35-nsee M5M5257 (256k x 1-bit) 
and M5M5258 (64k x4-bit) are the 
fastest 256k-bit static RAMs avail- 
able, according to the manufacturer. 
Combining silicon-gate CMOS pe- 
ripheral logic and a high-density 


NMOS memory array, the devices 
are suitable for use in cache and 
main-memory applications. Both 
chips are also available in 45- and 
55-nsec versions. They come in 300- 
mil, 24-pin plastic DIPs or plastic 
SOJ (small-outline J) packages for 
surface-mount applications. 35-nsec 
M5M5257P ~=in~ =DIP, ~— $142; 
M5M5258P, $152 (100). 

Mitsubishi Electronics America 
Inc, 1050 E Arques Ave, Sunny- 
vale, CA 94086. Phone (408) 730- 
5900. 
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DUAL-PORT RAM 


@ Organized as 5129 bits 
@ Features a separate interrupt 
output for each port 


The MK4511 512x9-bit dual-port 
RAM features independent inter- 
rupt outputs for each port, which 
you can software control via two 
interrupt registers. Each port, 
which operates with multiplexed ad- 
dress/data, can simultaneously ac- 
cess RAM locations. The RAM is 
available with access times of 120, 
150, or 200 nsec. The MK4511 is 
supplied in a 28-pin DIP or 28-pin 
plastic leaded chip carrier. From 
$9.56 to $12.65 (1000), depending on 
access-time rating. 

Thomson Semiconducteurs, 45 
Ave de |’Europe, 78140 Velizy, 
France. Phone (1) 39469719. TLX 
204780. 

Circle No 385 

Thomson Components-Mostek 
Corp, 1310 Electronics’ Dr, 
Carrollton, TX 75006. Phone (214) 
466-6000. TLX 730643. 

Circle No 386 
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TEK DIGITAL STORAGE: 
$2995 


Now! The new 60 MHz Tek 2221 joins the 
world’s best-selling family of digital 
storage oscilloscopes. All featuring 20 
MS/s digitizing along with familiar, full- 
bandwidth analog operation. It's the best 
of both worlds in an easy-to-use portable. 
Discover the potential. With digital stor- 
age you can freeze waveforms. Capture 
events invisible to nonstorage scopes. 
Find signals buried in noise. And build a 


library of reference waveforms. 


Digital storage display accuracy 


enhances your confidence in 
measurements. And all you 
have to do is push a button 
for real-time display analysis. 

Compare the 2230, 2221 
and 2220 to each other— 
and all others. The new 
2221 offers such advanced 
features as CRT readout and 
measurement cursors. For 
even more performance and 
flexibility, there’s the 100 
MHz, dual time base 2230 
with optional battery-backed 
memory for saving up to 26 
waveform sets. And if it’s 
economy you want, choose 
the 60 MHz 2220 with many 
of the same features at an 
even lower cost. 


Features 

Analog/Digital Storage BW 
Maximum Sampling Speed 
Record Length 


Peak Detect 
Save Reference Memory 


Vertical Resolution 


CRT Readout/Cursors 


Copyright © 1987, Tektronix, Inc. All rights reserved. TXA-795-E 


EDN August 6, 1987 


GPIB/RS-232-C Options —_ Yes ($750) 
Battery-Backed Memory Yes (inc with 
(save 26 waveform sets) GPIB/ 
RS-232-C) 
Price $4995 
CIRCLE NO 120 


THE ANSWER IS IN 


$3995 
$4995 


2230 @ NEW! 2221 
100 MHz 60 MHz 

20 MS/s 20 MS/s 
4K/1K AK 
(selectable) 

100 ns 100 ns 
One, 4K One, 4K 
Three, 1K 

8 bits 8 bits 

10 bits 10 bits 
(AVG mode) (AVG mode) 
12 bits 

(AVG mode 


over the bus) 
Yes 


Yes 
Yes ($500) 
No 


$3995 


With each scope you can capture 
events as narrow as 100 ns at any sweep 
speed thanks to Tek’s proprietary peak 
detect mode. View events prior to or follow- 
ing a trigger event with pre/post trigger. 
Store waveforms into 4K records. Auto- 
mate measurements with optional GPIB 
and RS-232-C interfaces. And output 
direct to a printer or plotter. 

Tek software is available to help you 
make the most of the 2230, 2221 and 2220 
in system configurations. 

Call Tek for a free video 


2220 brochure or to place an 
60 MHz order. _ 
50 MS/s Ask about free digital 
4K storage application notes 
and educational materials. 
100 ns Orders include complete 
pac a documentation, manuals 
and 3-year warranty on 
8 bits labor, parts and CRT. 
Call Tek direct: 
1-800-433-2323 
for free video brochure 
No for pssst ee 
In Oregon, call collect: 
Yes ($500) 627-9600 
No _ een 
$2995 i 


Tektronix 


COMMITTED TO EXCELLENCE 
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NEW PRODUCIS 


COMPONENTS & POWER SUPPLIES 


MOTOR CONTROLLER 


® Controller is STD Bus compa- 
tible 

@ Offers four modes of position 
and velocity control 


The Model 4327 motor controller is 
STD Bus compatible. It intelligent- 
ly controls two de brush-type servo 
motors. It offers four modes of posi- 
tion and velocity control and pro- 
vides programmable velocity and 
acceleration profiling. The control- 
ler features two channels for feed- 
back from TTL-level incremental 
encoders for each axis of control, 
and a 24-bit counter keeps track of 
the motor position. The controller 
also provides inputs for two limit or 
stop signals per axis. Onboard am- 


PRESSURE SENSOR 


@ Calibrated for the normal blood- 
pressure range 
@ Maximum tolerance of +1% 


The BPO1 noninvasive pressure sen- 
sor is fully temperature compen- 
sated and calibrated to operate over 
the normal blood-pressure range, 0 
to 300 mm of mercury. It has a 
6-mm max zero-pressure offset, a 
0.2-mm/°C shift over temperature 
(from 10 to 50°C), a +1% guaran- 
teed tolerance, and a maximum 
0.2% of FSO (full-scale output) line- 
arity. The span change over temper- 
ature is +0.02% FSO/°C max. In 
addition, the 4-kQ impedance mini- 
mizes power dissipation, making the 
sensor compatible with portable or 
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plifiers supply as much as 2A of 

pulse-width-modulated output. One 

axis, $435; two axes, $550. 
Technology 80 Inc, 658 Mendels- 


battery-backup medical equipment. 
The BP01 is housed in a glass-filled 
nylon case that is pe-board mounta- 
ble; it features barbed pressure 
ports that can accommodate stand- 
ard medical-grade tubing. $25 
(OEM qty). 

Sensym Inc, 1255 Reamwood 
Ave, Sunnyvale, CA 94089. Phone 
(408) 744-1500. 

Circle No 388 


I/V CONVERTER 


@ Designed for the Bell 113T1 re- 
peater current loop 

@ Six-sided shielded case elimi- 
nates RFI problems 


The Model I60S85.1385 I/V converter 
is designed to operate with the Bell 
113T1 repeater current loop and is 
completely compatible with para- 
graph 7 of those requirements. It 
operates from the Bell 60-mA cur- 
rent loop and generates 5V at 135 
mA to operate logic circuits in tele- 
phone test systems or alarms. You 
can also use the isolated 5V output 
as a source of —5V for applications 


sohn Ave N, Minneapolis, MN 
55427. Phone (800) 328-4827; in MN, 
(612) 542-9545. 

Circle No 387 


requiring multiple supply levels or 
isolated power for a meter. The unit 
has a 6-sided shielded case that 
eliminates RFI problems; an inter- 
nal filter that minimizes current- 
noise feedback into the current loop; 
and a post-regulator stage and filter 
that provides a clean, low-noise out- 
put. $95. 

Calex Mfg Co Inc, 3355 Vincent 
Rd, Pleasant Hill, CA 94523. Phone 
(415) 932-3911. 

Circle No 389 


TRANSISTORS 


@ Suitable for use in off-line 
switch-mode power supplies 

@ Eliminate the need for snubber 
components Nn some USES 


The SGSF323 and SGSF463 bipolar 
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transistors have voltage ratings of 
1000V and 13800V, respectively, so 
they eliminate the need for snubber 
components in many applications. 
The SGSF823 is suitable for use in 
power supplies switching between 
90 and 75 kHz. In _ forward- 
converter circuits, it can produce 
output power as high as 180W with 
minimal power dissipation. In the 
normal base drive configuration, the 
SGSF463 has a fall time of 50 nsec 
and a storage time of 700 nsec. In 
flyback converter circuits, however, 
you can decrease the storage time to 
300 nsec, without affecting the fall 
time, by performing switching in 
the emitter circuit with an SGSP362 
power MOSFET. SGSF323, $0.60; 
SGSF468, $1.30 (10,000). 

SGS Microelettronica SpA, Via 
C Olivetti 2, 20041 Agrate Brianza, 
Italy. Phone (039) 65551. TLX 
330131. 

Circle No 390 

SGS Semiconductor Corp, 1000 
E Bell Rd, Phoenix, AZ 85022. 
Phone (602) 867-6100. TLX 249976. 

Circle No 391 


DELAY LINES 


@ Offer delays to 0.1 nsec 
@ Suitable for ECL computer ap- 
plications 


The SP, SQ, and SS Series delay 
lines offer delay capabilities ranging 
from 0.1 nsec and are suitable for 
ECL computer applications. The 
total delay times for SP units start 
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at 0.1 nsec+0.05 nsec and step in 
0.1-nsec increments to 1.7 nsec. The 
delay times for SQ units start at 0.2 
nsec+0.1 nsec and increment by 0.2- 
nsec intervals to 2 nsec max. The 
total delay times for SS Series de- 
vices range from 1 to 5 nsec in 
1-nsec increments. All the parts fea- 
ture 550 impedance, 10% max 
waveform distortion, 19 max de re- 
sistance, and 100-MQ min insulation 
resistance. SP Series, from $1.73; 
SQ and SS Series, $4.68 (1000). 
Toko America Ine, 1250 
Feehanville Dr, Mount Prospect, IL 
60056. Phone (812) 297-0070. TLX 
724372. 
Circle No 392 


REED SWITCHES 


® Available with load power rat- 
ings as high as 25W 

@ Feature low contact resistance 
and long lifetime 


The RI-25 line of micro dry reed 
switches includes devices with max- 
imum load-switching capabilities of 
8, 15, and 25W. However, the 
switches can also handle load pow- 
ers as low as 300 mW. They can 
withstand a voltage of 200V de or 
140V ac and can switch a maximum 
current of 1A into a resistive load. 
The reed switches have normally 
open spst contacts with operating 
magnetic fields of 8 to 16 At for the 
8W switch and 46 to 70 At for the 
29W switch. The corresponding re- 
lease fields are 4 to 14 At and 16 to 


Valhalla 2100/2300 Series 
Digital Power Analyzers 


S- VOLTS TRMS® 
m DISPLAY im vo 


Gis a True RMS Power 
reading from SCR controlled 
devices is tricky. But the digital 
accuracy of the Valhalla 2100 


series IN, nr / 
Digital 

Power SCR FLUORESCENT 
Analyzers aan 7 
tackles the DC-HALF WAVE DC-LOW DUTY CYCLE 
job with RECTIFIED “SQUARISH” 


ease and integrity. 


Trust the 2100 series to give you 
pin-point accurate AC plus DC 
power measurements - regard- 
less of waveform. Get true 
readings on fluorescent lamps, 
pulsed DC devices, low level 
signals, even switching power 
supplies. 


Or rely on our three phase 2300 
series models with selectable 
current levels up to 100 Amps 
with basic .25% accuracy. 


With Valhalla Digital Power 
Analyzers you get accurate 
measurement from DC to 20KHz, 
analog output (s), BCD, IEEE-488 
programmability, starting at 
less than $1,000. 


Honest. Call 619-457-5576. 


| Vay | VALHALLA 
’ \ 


SCIENTIFIC 


9955 Mesa Rim Rd. San Diego, CA 92121 
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The new 
F286 PC-AT com- 
patible board-level 
CPU from I-Bus gives you a whole new 
dimension of speed and freedom in PC or 
PC-AT bus system design. 


It’s all on a PC add-on-sized board 
—for use with a passive backplane just 
like other board-level systems. You just 
add the expansion cards, put it in a box 
(I-Bus has loads of backplanes and 
boxes), and it’s ready to execute any 
PC-AT applications software. 


Use the F286 in a disk-based or disk- 
less system, with or without a keyboard, 
with or without a display. 


It’s packed with features such as 10 
MHz zero wait state operation. Separ- 
ately clocked 80287 support (runs at full 
speed—not half speed as in other AT’s). 
512K RAM. Battery-backed clock/calen- 
dar. Optional PROMDISK to run any ap- 
plication from the F286’s user EPROM. 


And best of all, it’s designed, built and 
supported by I-Bus—the originators of 
the passive backplane PC Bus. 


If you’re into systems, we speak your 
language. Call us TOLL FREE at: 


800-382-4229 (in CA call 
(619) 569-0646) mms 


L5US 


The Full Service PC Bus Company 


5780 Chesapeake Court 
San Diego, CA 92123 TLX: 910 240 0290 
CIRCLE NO 49 
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32 At. The initial contact resistance 
is 70 mQ) typ; it stays close to this 
value over 10° switching operations. 
The 8W version costs approximately 
gld 0.5 in volume quantities. 
Philips, Eleoma Div, Box 528, 
5600 AM Eindhoven, The Nether- 
lands. Phone (040) 757005. TLX 
51578. 
Circle No 393 
Amperex Electronic Corp, Box 
560, Hicksville, NY 11802. Phone 
(516) 931-6200. 
Circle No 394 


CAPACITOR KIT 


@ Includes popular NPO, X7R, 
and Z5U ceramic chips 

@ Chip-selector guide and techni- 
cal manual provided 


5-920 SMT prototype kits include 
the most popular values of NPO, 
X7R, and Z5U multilayer ceramic- 
chip capacitors. The kit, which is 
packaged in a special vinyl cover for 
shelf storage, includes 550 devices 
in the most popular capacitance val- 
ues and in sizes 0805 and 1206. Each 
unit has nickel barrier terminations, 
and each is individually packed for 
easy access and immediate identifi- 
cation. The kit also includes a chip- 
selector guide and a 24-pg technical 
manual, which discusses the proper 
application of chip capacitors. $95. 
Johanson Dielectrics Inc, 2220 
Screenland Dr, Burbank, CA 91505. 
Phone (213) 848-4465. TWX 910- 
498-2735. 
Circle No 395 


CONNECTORS 


@ Feature a 3A current rating 
@ Accept standard 28 AWG flat 
cable 


The DL 50 Series ribbon connectors 
utilize 0.085-in. centerline contacts 
on both the mating end and the 
pe-board interface. They accept 
standard 28 AWG flat cable, which is 
terminated by the insulation-dis- 
placement method. The connectors 
are available in 24-, 36-, and 50- 
position sizes. The series offers met- 
al-shell straight and right-angle re- 
ceptacles with ball locks, as well as 
mating plugs and receptacles for use 
with 0.050-in.-center cables. The 
connectors spec a 8A current rating; 
the receptacles have a 500V ac volt- 
age rating. Flat-cable limitations re- 
duce current ratings for the plug 
and receptacles to 1A. Three con- 
tact options are available (8, 15, or 
30 win. of gold over nickel) for all the 
devices. $3.23 (1000) for a 24-posi- 
tion right-angle pc-board receptacle 
with 8 pin. of gold. 

Molex Inc, 2222 Wellington Ct, 
Lisle, IL 60532. Phone (812) 969- 
4550. 

Circle No 396 


DRIVE ENCLOSURE 


® No tools needed for drive instal- 
lation 
@ Includes a 100W power supply 


The SA-H163 enclosure is designed 
for applications that require remov- 
ing, transporting, and storing dual 
5%-in. Winchester disk drives. It 
features pluggable drive capability 
along with a removable bracket 
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(complete with power and data con- 
nectors) that you install on each 
drive. To remove a drive, you simply 
loosen two thumbscrews on the 
hinged cover, pull the handle on the 
bracket, and release the drive as- 
sembly from the docking connector. 
No tools are required for drive in- 
stallation or removal. The enclosure 
also includes a 100W supply, ex- 
haust fan, write-protect switches, 
and LED indicators for each drive. 
The front-panel connectors provide 
daisy-chaining capability for the 
controllers that support as many as 
four Winchester disk drives. $1481. 
Sigma Information Systems, 
3401 E LaPalma Ave, Anaheim, CA 
92806. Phone (714) 630-6553. TLX 

298607. 
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KEYPADS 


@ Can stand up to severe environ- 
mental conditions 

© Keypads have a life of 10 mil- 
lion operations 


These Sealedswitch keypads are de- 
signed to withstand severe environ- 
mental conditions and are available 
in industrial and military versions. 
The 3x4- and 4xX4-in. models fea- 
ture a 1-piece silicone rubber boot, 
which wraps around the pe board to 
form a complete seal when mounted. 
Switch legends, characters, or sym- 
bols are diffused into the key sur- 
face, making the entire front panel 
highly resistant to the effects of 
solvents, oils, most chemicals, heat, 
ultraviolet radiation, and scratch- 
ing. The keypads’ electrical specs 
include a 50-mA/28V de contact rat- 
ing, a 10-msec max bounce time, 10 
max contact resistance, and 10-MQ 
min insulation resistance. The me- 
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chanical specs include a life of 10° 
operations, a 400g actuation force, 
and 0.02-in. key travel. The military 
versions meet or exceed the require- 
ments of MIL-STD-810. $40.75 and 
$50.15 (100) for industrial and mili- 
tary 4x4-in. units, respectively. 
IEE Inc, 7740 Lemona Ave, Van 
Nuys, CA 91409. Phone (818) 787- 
0311. TLX 4720556. 
Circle No 398 


SUPPRESSORS 


@ Designed to protect analog con- 
trol-loop transmitters 
@ 5-pA max standby current 


The 420T and 423T transient volt- 
age suppressors are designed to 
protect temperature and pressure 
transmitters in analog control loops. 
These field-installable parts are ca- 
pable of protecting almost all popu- 
lar transmitters. Available in four 
standard models, they provide line- 
to-line and line-to-ground protec- 
tion. All of them include devices 
with maximum operating line volt- 
ages of +25, +28, +36, +50, and 
+60V; the respective maximum 
line-to-ground clamping voltages for 
these parts are 44, 46, 60, 80, and 
95V. They also feature a short-cir- 
cuit failure mode that provides max- 
imum protection. All the parts have 
automatic reset. The maximum 
standby current is 5 pA, and the 
operating range spans —55 to 
+100°C. From $40 (100). 

General Semiconductor Indus- 
tries Inc, 2001 W Tenth Pl, Tempe, 
AZ 85281. Phone (602) 968-3101. 
TWX 910-950-1942. 
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Valhalla Scientific AC/DC 
Automatic Calibration Systems 


reate a Valhalla Calibration 

System for high accuracy, 
AC or DC Voltage, high currents, 
mobile use, high-speed closed 
loop testing - any demanding 
requirements - and be assured 
of top performance and long- 
term reliability. 


Modularity is the key. Our Cali- 
bration Systems can fit any need 
including: DMM and Watt Meter 
Calibrations, Phase Angle Cali- 
bration, Wide band (50MHz) 
outputs expandable to 18GHz, 
AC/DC current (DC voltage to 
8!4 digits), Resistance and 
Oscilloscope calibration - 

to name a few. 


Our systems use HP desktop 
(200 and 300 series) controllers, 
IBM XT/AT compatible series 
controllers with both IEEE-488 
and RS232C communication 
capabilities and... the GPIB 
allows a multi-vendor configura- 
tion for special requirements. 


Valhalla Automatic AC/DC Cali- 
bration Systems and standards 
free test engineers from manual 
operation, while providing the 
fastest, most reliable measure- 
ment data available. 


Join the Force. Call 619-457-5576. 


| Vay | VALHALLA 
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NEW PRODUCIS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


FORMAT CONVERTER 


® Converts waveform data to any 
of nine formats 

@ Runs on IBM PCs and compati- 
bles 


The R900 Universal File Transfer 
software runs on IBM PCs, 
PC/XTs, PC/ATs, and compatible 
computers equipped with the ven- 
dor’s data-acquisition or digital-os- 
cilloscope interface boards. You load 
the R900 UFT software after ac- 
quiring a waveform or other real- 
time data (via one of the vendor’s 
products) and storing the data on 
disk. The menu-driven UFT soft- 
ware can translate your data into a 
number of different formats for fur- 
ther processing and analysis. You 
can currently select the formats for 
Asyst, Asystant, DADiSP, dBASE 
III, ILS-PC1, ILS-PC2, Labtech 


| DADISE 


Notebook, Lotus 1-2-3, or Math- 
CAD. $199. 
Rapid Systems Inc, 433 N 34th 


St, Seattle, WA 98103. Phone (206) 
547-8311. TLX 265017. 
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uP SIMULATOR 


@ Simulates Clipper pP bus cycles 
@ Lets you verify timing of system 
hardware designs 


The Clipper SmartModel is a soft- 
ware package that runs on work- 
stations from Mentor Graphics 
(Beaverton, OR). The software pro- 
vides a model of the CPU, FPU, and 
Cache/MMU logic contained in Fair- 
child’s Clipper C100 32-bit wP. With 
the aid of simple commands that 
control the model, hardware design- 
ers can simulate bus cycles, timing 
sequences, interrupt processing, 
and reset processing at the full 
speed of the pP. Thus, you can 
repeatedly modify and verify your 
design without the expense of devel- 
oping a wire-wrapped prototype 
board and assembly-language code 
to exercise it. This hardware-verifi- 
cation model costs $2500; a full-func- 
tion version that will execute assem- 
bly-language instructions is under 


254 


development. 

Logic Automation Inc, 19545 
NW Von Neumann Dr, Beaverton, 
OR 97006. Phone (503) 690-6900. 
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MAP NETWORK TOOL 


@ Monitors network performance 
and collects statistics 

@ Stores and displays message 
frames 


The token-bus frame analyzer 
(TBFA) is a software package that 
monitors token-bus-network perfor- 
mance in real time and lets you 
collect and store statistics relating 
to the traffic. You can select any 
type of ISO (International Organi- 
zation for Standardization) message 
header or any segment of the medi- 
um-access-control layer as the trig- 
ger that initiates data collection. 
Because the TBFA is not part of the 
token-passing logical ring, it is 


transparent to all network opera- 
tions and does not interfere with 
them in any way. The software re- 
sides in four PROMs located on the 
vendor’s MVME372 MAP interface 
module board; in this application, 
the board operates as a stand-alone 
processor and requires no backplane 
bus. The only other items required 
are a DEC VT100 or equivalent ter- 
minal, a modem that matches the 
network, and a power supply. $2500. 
Motorola Inc, Box 52078, Phoe- 
nix, AZ 85072. Phone (512) 440- 

2140. 
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16M BYTES FOR PC/AT 


@ C and assembly-language pro- 
grams address 16M-byte RAM 

@ Allows programs to run in pro- 
tected mode 


DOS/16M is a software package that 
lets C and assembly-language pro- 
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grams, running on an IBM PC/AT 
or compatible machine, address as 
many as 16M bytes of RAM. The 
package consists of a run-time li- 
brary, which contains routines for 
managing extended memory and for 
starting and running programs in 
80286 and 80386 protected mode 
under PC-DOS version 8. It also 
contains a symbolic debugger for 
protected-mode programs and 
source code for the run-time library 
and start-up code. When you use 
DOS/16M, it adjusts your program 
for protected-mode addressing, 
then switches the computer into 
protected mode before starting to 
execute the adjusted program. 
DOS/16M switches the computer 
back to real mode whenever it needs 
to service DOS or BIOS system calls 
or when it must service interrupt 
requests from devices that don’t 
have protected-mode interrupt han- 
dlers. You don’t need to rewrite or 
recompile your programs in order to 


use DOS/16M; you need only to re- 
link them with the run-time library. 
You may also have to modify any 
arithmetic operations that your pro- 
gram performs on segment register 
values, and any parts of your pro- 
gram (such as interrupt handlers) 
that write into code segments of 
memory. $29,000. 

Rational Systems Inc, Box 480, 
Natick, MA 01760. Phone (617) 653- 
6194. 
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CASE TOOL 


® Creates modular, function, and 
structure charts from a database 

© Supplements the information 
from the Modular Design tool 


ProMod/SC automatically creates 
graphics structure charts from soft- 
ware-design data developed with 
the aid of the vendor’s ProMod/MD 
CASE tool. The tool can create 


three types of charts: modular net- 
work, function network, and func- 
tion structure charts. Modular net- 
work charts show the connections 
between major system structures. 
Function network charts identify 
the import, internal, and export 
functions of the system. Function 
structure charts show conditional or 
repetitive calls of a function from 
the main program, multiple calls 
from one function to another, and 
recursive functions. Where appro- 
priate, the graphics linkages show 
the data types of parameters that 
are passed over the linkages. You 
can display the charts on the screen 
and edit them, or you can send the 
charts to a pen plotter or laser 
printer. IBM PC version, $500; VAX 
system version, $1000. 

Promod Inc, 23685 Birtcher Dr, 
Lake Forest, CA 92630. Phone (714) 
855-3046. 
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NEW RUGGEDIZED 
SCOPE PROBES 


Just a phone call away. 

$35 P6103 $58 P6109 

50 MHz 10x 150 MHz 10x 
Compensation Range Compensation Range 
15 to 35 pF 18 to 22 pF 


These new passive voltage probes can be used with any 
oscilloscopes having matching compensation ranges. 


Screw in tips mean easy repair, no downtime. 


To order call toll free 1-800-426-2200 


In Oregon, call collect (503) 627-9000. 
VISA and MasterCharge accepted. 


Copyright © 1987, Tektronix, Inc. All rights reserved. KBA-810 
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Tektronix 


COMMITTED TO EXCELLENCE 
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LADDER LOGIC 
on the STD BUS! 


The control power you need 
- 40 PID loops * 32 stepper drums 
¢ Full 4-function math 
The expandability you want 

- 416 analog and 1152 digital 1/0 points 
At a price you can afford 
systems start 
at $1295 


I/O expansion 
approx. $3 
per point _ | 


CY525 3rd generation 
STEPPER MOTORCONTROLLERJ 


most intelligent controller offers 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 

rate on the fly, read 

position on the 

fly, and 

much 

ai more. 


mt ‘> } 
ee ill 
/ "a 


~<a CY512 

compatible, 

40 pin, +5 volt 

TTL, 8 bit I/O interface 

to ucomputer. $195 ea ($80/100) 
Prototyping board available. 


Cybernetic Micro System 
P.O. Box 3000, San Gregorio, CA 94074 


(415) 726-3000 Telex: 171-135 attn: Cyberne 


crs) 
eee 


@ | Compute 
DYNAMICS 107 S. Main St., Greer, SC 29651 


COMPUTER DYNAMICS SALES (803) 877-8700 
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Turn Good 
Ideas Into 


Good Articles 


With EDN’s FREE Wrniter’s Guide! 


Would you like to get paid for sharing your 
clever engineering ideas and methods with 
your professional colleagues? If so, then send 
for EDN’s new FREE writer’s guide and learn 
how. 

You don’t need the skills and experience skills you already have. Plus, it takes you step- 
of a professional writer. And you don't need to __ by-step through the editorial procedures neces- 
know publishing jargon. All you do need area sary to turn your ideas into polished, profes- 
little perseverance, your engineering skills, sional articles. 
and the ability to communicate your ideas 
clearly. Get your FREE copy of EDN’s writer's 

Our new writer’s guide takes the mystery = guide by circling number 800 on the Information 
and intimidation out of writing for a publica- Retrieval Service Card or by calling Sharon 
tion. It shows you how to write for EDN using Gildea at (617) 964-3030. 
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TEST & MEASUREMENT INSTRUMENTS 


8051 EMULATOR 


e Emulator runs at 12 MHz 
© Works with NMOS and CMOS 


Versions 


The EC 7000/8051 works with all 
members of the 8051 family, includ- 
ing the 8051, 8052, 8031, 87951, and 
8752. It handles NMOS and CMOS 
versions. The emulator runs at 12 
MHz with no wait states. It features 
64k bytes of emulation program 
memory and 64k bytes of emulation 
data memory; you can set a 
breakpoint on each program-memo- 
ry location. The unit has a 4kx48- 
bit trace memory and a time stamp 
with 1-psec resolution. For control, 
the emulator requires an IBM PC, 
PC/XT, PC/AT, or compatible com- 
puter. $5800. 

Applied penny rete Corp, 


5020 148th Ave NE, Box 97002, 
Redmond, WA 98073. Phone (800) 
426-3925; in WA, (206) 882-2000. 
TLX 185196. 

Circle No 406 


LEVEL TRANSLATOR 


e Programmable level translator 
accepts TTL input 

© Output compatible with GaAs, 
ECL, TTL, and CMOS devices 


The PI-6800 programmable level 
translator accepts TTL-level input 
signals and translates them into 
output that is compatible with 
GaAs, TTL, CMOS, and ECL de- 
vices. The translator’s output repe- 


shvpectormance © - 


2bit 


Take Heurikon’s HK68/V2F for a test-lap today. 


Call toll-free: | 


CIRCLE NO 7 


1-800-356-9602 (ext. 405). 


3201 Latham Drive = Madison, WI 53713" 


IEEE SDE EEE A LEE oT eee 
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ee 


tition rate is 100 MHz max and its 
rise times are 2.5 nsec min. The 
device accommodates as many as 
eight pe boards, and each board 
provides eight output channels. The 
output voltage range is —5V to 
+10V (—0.4 to +5V into 50Q) with 
10-mV resolution. The unit has a 
built-in CRT and is programmable 
over the IFEE-488 and RS-232C 
interfaces. $6000 to $13,500. Deliv- 
ery, eight weeks ARO. 

Pulse Instruments, 1234 Fran- 
cisco St, Torrance, CA 90502. Phone 
(213) 515-5330. 

Circle No 407 


BOARD TESTER 


© Performs short-circuit, in-cir- 
cuit, and functional tests 

® Software generates some tests 
automatically 


The GR2750 board-test system has 
a 32-bit CPU. Each pin of the tester 
can perform analog, digital, func- 


258 


tional, or in-circuit tests. Pins pro- 
vide digital test rates to 10 MHz (20 
MHz multiplexed). Every pin pos- 
sesses a 16kx4-bit memory (32k x4 
bits max). The ATE can generate 
clock signals to 50 MHz and syn- 
chronize with external clock signals 
to 40 MHz. It can also scan eight 
analog channels at 10 MHz or four 
channels at 50 MHz max. The sys- 
tem’s software automatically gener- 
ates pe-board short-circuit tests and 
in-circuit tests for analog and digital 
components; the software includes 
the HILO simulator. $600,000 to 
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Works Hard 
Without Breaks. 


The new Cardinal KB695 membrane keyboard goes 
wherever the work is—even into hostile environments that 
cause standard full-travel units to take frequent breaks for 
Cleaning and service. For industrial controls, robotics, 
laboratory use, remote data entry, public access— 
wherever you need reliable, full-featured performance— 
Cardinal KB695 keyboards keep you on-line. 

IBM compatible. A built-in auto-configuring 
capability allows you to plug in directly to IBM PC, XT, AT, 
| : and “clones”. No special wiring or interfaces. And Cardi- 
nal KB695 keyboards give you all the keys and functions 
of a full-travel keyboard, so you're ready to go to work 
immediately. 

Tough but easy to use. Rugged flexible-membrane 
key switches feature finger-positioning overlays for posi- 
tive feel and light-touch response. Dust, dirt, and other 
contaminants that can foul and “short” a full-travel 
keyboard can be quickly removed from the flat membrane 
surface with a simple wipe. Anodized housings resist 
corrosion and wear. And large, easy-to-read keypads are 
color-coded by function for easy operation—even in 
dimly-lit locations. 

Call 800-722-0094 (717-295-6922 in PA) for more 
information or to order. Or write: Cardinal Technologies, 
Inc., New Holland Avenue, Lancaster, PA 17604-7628, 


IBM and PC, PC/AT, PC/XT are registered trademarks of International Business 
Machines, Inc. 


CARDINAL 


TECHNOLOGIES, INC. 


$1,000,000. Delivery, 90 days ARO. 
GenRad Inc, 300 Baker Ave, 
Concord, MA 01742. Phone (617) 

369-4400. 
Circle No 408 


DIGITIZING SCOPE 


© Combines digitizer with analog 
scope 
@ Drives X/Y plotter directly 


The 2221 oscilloscope combines a 
60-MHz analog oscilloscope with a 
20M-sample/sec digitizer. The digi- 
tizer can store 4096 8-bit samples in 
single-channel mode or two 2048- 


™ 


va 
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sample records in dual-channel 
mode. The scope can record 100- 
nsec glitches. In the so-called enve- 
lope mode, it can also display the 
maximum and minimum excursions 
of a repeated waveform. The scope 
drives an X/Y plotter directly; 
IEEE-488 and RS-232C interfaces 
are optional. $3995. 

Tektronix Ine, Box 500, 
Beaverton, OR 97077. Phone (800) 
426-2220; in OR, (503) 627-9000. 

Circle No 409 


ANALYZER 


@ Measures impedance and fre- 
quency response 

@ Interfaces to component han- 
dlers for batch sorting 


The Model 1260 impedance/gain- 
phase analyzer measures the imped- 
ance of components or electronic cir- 
cuits and measures their frequency 
response over the range from 10 
wHz to 82 MHz. The instrument 
digitizes input signals to 15-bit reso- 
lution on two independent voltage 
channels and one current channel. It 
employs a single-sine-correlation 
technique to provide fast and pre- 
cise measurement of both amplitude 
and phase. Its overall frequency- 
response accuracy is 0.01 dB. You 
can perform frequency, amplitude, 
or bias sweeps by using the instru- 
ment’s built-in voltage and current 
generators. Its post-measurement 
processing includes normalization of 
measured parameters or _ limit 
checking against simple or complex 
limit values. The unit comes with 
IKEE-488 and RS-232C interfaces, 
so you can control the unit remotely 
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and obtain hard-copy printouts of 
the results. Battery-backed RAM 
provides nonvolatile storage for as 
many as nine test programs, and 
you can protect six more EKEPROM- 
resident test programs with a key- 
switch. £11,500. 

Solartron Instruments, Victoria 
Rd, Farnborough, Hampshire GU14 
7TPW, UK. Phone (0252) 544433. 


Ss OLIOD 


TLX 858245. 
Circle No 410 
Solartron Instruments Inc, 2 
Westchester Plaza, Elmsford, NY 
10523. Phone (914) 592-9168. TLX 
145487. 
Circle No 411 


STATE 


| aT THE RIGHT PRICE. We now have a new family of low-cost 


piezoresistive pressure sensors packaged in both single-in-line and 
dual-in-line configurations. Models are available for measurement of 
corrosive liquids and moist air. They are easily mounted on PC Boards, 
and are interchangeable with either an integral gain-set resistor or 
current-source resistor. Our pressure sensors are available in standard 


package outlines, but we 
application. 


can also customize packages for your 


¢ 0-2 PSI to 0-5000 PSI 

¢ Gage, Absolute, Differential 

¢ Accuracy from 0.1% Span 

¢ Gases and Corrosive Liquids 

¢ 3x Overpressure 

¢ Temperature Compensated 

¢ 316 Stainless Steel Diaphragm 
¢ Sensors: 100mV & 200mV 

¢ Transducers: 1-6V 

¢ Transmitters: 4-20mA 


ZS=SENSORS 


1701 McCarthy Blivd., Milpitas, CA 95035 
FAX: (408) 434-6687 Telex: 350066 Phone: (408) 432-1800 
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- Reaches a New Height 
With a Flat Screen and Invar Mask Equipped Display Tube 


Toshiba, always in pursuit of greater clarity 
in displays, has changed the concept of 
display tube technology. The FS tube was 
born of our quest for improved ergonomic 
engineering. It is not only Flat and Square, 
but it now has an Invar Mask. The results 
are Clarity, brightness and reduced 
ambient light reflection for fatigue-free 
viewing. The Toshiba FS display tube also 
boasts high reliability and high quality and 
comes in a wide lineup to meet virtually 


WIDE LINEUP 


9” (7.5V) FS E8075** 
10” (9V) Conventional £2957 


13” (12V) FS E8046/E8077 
12” (12V) Conventional E8001/E8032 


15” (14V) FS E2995/E2994 
14” (13V) Conventional E2971/E2894 


17” (16V) FS E8162 
16” (15V) Conventional E2864 


21” (20V) FS 
20” (19V) Conventional E2862 


E8142/E8170* 


Screen dot pitch Display area | Display capability | Faceplate radius 

(mm) (mm) (pixels/line) (mm) 
0.28 140 X 105 460 
0.28 170 X 130 580 

0.36/0.28 230 X 170 590/760 

0.36/0.28 220 X 160 960/720 

0.39/0.31 260 X 190 610/770 

0.39/0.31 250 X 180 590/740 
0.26 300 X 220 1060 
0.31 290 X 210 820 

0.42/0.31 370 X* 280 810/1100 
0.31 360 X< 270 
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TV Picture Simulated 


any OA equipment need. 


“Under development ** Full pincushion correction free 


TOSHIBA 


Toshiba America, Inc.: 1101 A Lake Cook Road, Deerfield, IL 60015, U.S.A. Tel. (312) 945-1500 
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RODUCT MAR 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


EE/EPROM PROGRAMMER...with 
Eraser ..the ‘“BEST”’ for $1295." 


COUNTER/TIMER 
INTERRUPT EXPANSION 
DIGITAL I/O 


$695.00 


——— DIGELEC Model 824 ——— 
@ RAM 512K, upgradeable to 2048K 
@ Programs 2716 to 271024, & equivalent 
@ MOS, CMOS, 40-pin micro P’s, no adapters 
@ Programs virtually all mfg’s, 220 + devices 
@ Time-saving quick-pulse & Int. algorithms 
@ Complete stand-alone editing, 16-char. display 
@ RS-232 Remote control, translation formats 
@ Optional IBM-PC/AT menu-driven S.W. 

* Special US Domestic Introductory Price 


a 
fel i PROM & LOGIC 
CI@C) procramMers 
800-367-8750, NJ 201-493-2420. 
DIGELEC, Inc., 1602 Lawrence, Ocean, NJ 07712 
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10 integrated software 
he} package for those needing 
PCB layout only, or for those already 
using a schematic design software package. Incor- 
porates many advanced features of the EE DESIGNER II 
layout module plus true netlist translation and symbol 
conversion from OrCAD and SCHEMA. Includes netlist 
entry from keyboard, 12.5 mil grid, and user-definable 
trace widths. Multilayer capability. For IBM PC, XT, 

AT or compatibles. 30 day money back guarantee. 


Call 1-800-553-1177 sreiszeerer= 


todaytoorderyour 7 gi pyaagsa sl 
package. Bankcards co AT 


P 
welcome. 343 Gibraltar Drive 
Sunnyvale, CA 94089 


OrCAD and SCHEMA are registered trade marks of OrCAD Systems Corp. and Omation Inc., respectively. 
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Cross Assemblers 


MULTI-PURPOSE CARD FOR PC, XT, AT 
FEATURES INCLUDE: 


¢ Four Am9513’s provide 20 independent, cascadable 16 bit counters 
with programmable synchronous command execution. 

e Ten High Speed LSTTL optocouplers. 

¢ 8259A Programmable interrupt controller. 

¢ Independent 8 bit Digital !//O channels. 

TYPICAL APPLICATIONS: 

¢ Direct counting to 7 MHz. 

¢ Incremental encoder position sensing. 

¢ Event timing. 

e Real time interrupt control. 

e Pulse and square wave signal generation. 
CONRAGAN SYSTEMS COMPANY, INC. 

1610 Dell Avenue, Suite Q, 

Campbell, California 95008 (408) 866-1278 
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A Simple 


Universal Linker MEMULATOR Ii Upgrade 
Powertul Librarian In-Circuit EPROM Emulator $3775" to 16/32 Bit 
PC/MS DOS Performance 
ye © 10 MHz 68008 processo 


e One megabyte linear ad- 
dressing space 

e 68901 Multi-Function 
Peripheral 
— programmable serial 


VAX UNIX/UL TRIX 


e Now — High Speed 
e Powerful Macros 
e Absolute or Relocatable Code 


Sone : 
Processor STD 


* Download via RS-232 up to 32K bytes in less than 
10 seconds. 


port 
— 8-bit parallel port 


i | : — multi-mode timers 
* Compatible with Chip Manufacturer’s Emulates 2716 - 27C256 devices ¢ Both polled and vectored Bus Card 
Assemblers « Accepts Intel hex, Motorola S-record, and straight interrupts 
¢ Conditional Assembly a ° Three “universal” IITA 
* 100ns or *150ns access times. memory sockets 
« 
$295 Up for Complete Packages * Monitor command set in firmware. * Battery-backed real time 


clock ELECTRONICS INC. 


Inquire about our 16-bit in-circuit EPROM emulator. ¢ Optional battery backup Route 12. Box 322 


Software Tools for Professional 


1920 Arbor Creek Drive for RAM . ‘ 
Development MEMOCOM Carpollion Texas 75010 ° Supported by Indianapolis, IN 
DEVELOPMENT 214/446-9906 Microware’s OS-9 68K 46236 
19 Jenkins Ave., Box 1312 , Oo CL s operating system Phone: 
€3. ine Lansdale, PA 19446, U.S.A. bd $371 .00 each in 50-100 31 7-335-91 28 
' Tel: 215-362-0966 quantities 


Telex: 4948709 ENERTEC 
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To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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PLD 
PROGRAMMER 


$1295 Including PC software 


* Supports over 200 PLD's, including 
bipolar, CMOS, and erasables. 


Universal electronics; software driven 
from PC/XT/AT or compatible. 


Convenient upgrades on disk; no 
firmware or personality modules. 


Uses standard JEDEC files; supports 
128 test vectors and full screen edit. 


Supported by Nicolet Instruments - 
over 20 years in high technology. 


Just $1295 complete, including 
new device updates! 


Nicole 800-NICOLET (642-6538) 


or 608-273-5008. 


CIRCLE NO 331 
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NEW ENGINEERING SOFTWARE 


Filter designs active filters up to order 30. Bessel, 
Butterworth, Chebyshev, Allpass; High, Low Band- 
pass and Bandstop. Fully menu driven, Filter 
designs, plots, and selects component values for any 
filter in seconds. LSAP analyzes linear systems 
producing Bode, Nyquist, Impulse, Step Response 
and Root-Locus plots. Micro-CSMP simulates con- 
trol and servo systems with full support for non- 
linear behavior. Filter is $750, LSAP is $450, Micro- 
CSMP is $900 for the IBM PC. 


California Scientific Software 
1159 North Catalina Ave, Pasadena, CA 91104 


(818) 798-1201 
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Don’t Burn, Shoot, or Blow ... 
Program with the EP-1 
QM PROGRAMMER 


BPR 


Reads, Programs, and copies over 250 EPROM’s 
and EEPROM’s from AMD, Intel, SEEQ, TI, Fujitsu, 
Hitachi, Toshiba, and 21 others. 

@ 2716-27512, 27011, 25XX, 28XX, 87XX, 687XxX, 
Including CMOS and -A suffix. 


INSTRUMENT PAIR FOR 
IC IN-CIRCUIT TESTING 
M-5700C Logic Scanmaster includes universal logic 
State indicator, logic pulser and clip, automatic bad 
level detector, auto-ranging DVM, pin to pin push- 
button interface of the signal to scope, counter, etc. 
M-150 Digital Comparator compares known good IC 
to DUT in-circuit. This instrument combination offers 
fast, accurate process to troubleshoot digital ICs to 
component level. Price $1,695.00 


Information Scan Technology 


487 Gianni Street, Santa Clara CA 95054 
(408) 988-1908 
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SCSI BUS INTERFACE MODULE 


lronwood’s line of VLSI prototype adaptors 
allow prototyping of devices from 24 pin (video 
RAM ZIP), Shrink DIP, to 240 pin PGA, PIP 
families 80X86 and 680X0 along with many 
other patterns. Annotated test adaptors for 
68010, 68020, 80186, 80386. All gold Machin- 
ed pins / most wirewrap panel patterns. 
Customs - quick turnaround. 
IRONWOOD ELECTRONICS, INC 


e Programs 87C51, 8749, 8741A, 8742 and other 
microcontrollers with optional heads. 
Splits 16- and 32-bit files. 
Generates and checks checksums. 
Batch mode operation works with Make. 
Reads and Generates Intel, Motorola, Tekhex, 
Straight hex, and binary files. 
e 30 day money back guarantee. 
e UV Erasers from $34.95. 

CALL TODAY FOR MORE INFORMATION 


Puli LU 
BP wicrosystems 


The SBSxSCSI provides the industry standard 
SCSI interface (ANSI X3T9.2) on a single- 
width SBX module. Intel iSBX™ multimodule 
(IEEE P959 I/O Bus) compatibility assures you 
of areliable connection to your host board. A 
software driver example is available to simplify 
programming. 

Call or write for more information. 

Single Board Solutions, Inc. 


P.O. BOX 21-151 20045 St Creek Blvd 
10681 Haddington, #190 / Dept. E1 evens Creek Blvd. 
ST. PAUL, MN 55121 Houston, Texas 77043 Cupertino, CA 95014 
(612) 431-7025 (800) 225-2102 (713) 461-9430 Telex: 1561477 (408) 253-0250 
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PERN, SRR 


GP-IB, HP-IB CONTROL FROM YOUR PC. 
@ Control instruments and peripherals. 

@ Supports BASIC, C, FORTRAN, and Pascal. 
@ Use with ASYST™ Lotus Measure™ 


e Fast and easy-to-use. Thousands sold. 
@ Hardware and software - $395 complete. 


Capital Equipment Corp. 
99 South Bedford St. 


Burlington, MA. 01803 


MICRO/Q Il 
FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, IS SUITABLE FOR 
MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 
ROGERS MICRO/Q® II 
Rogers Corp., 2400 S. Roosevelt, 
Tempe, AZ 85282. 602/967-0624 


PO ie eae Call today (617) 273-1818 (317) 742-8438, 
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6800-Family Development Software 


Combine our software and your editor for a powerful develop- 
ment system. Our C-Compilers feature a complete implemen- 
tation (excluding bit fields) of the language as described by 
Kernigan & Ritchie and yields 30-70% shorter code than other 
compilers. Our Motorola-compatible Assemblers feature 
macros and conditional assembly. Linker and Terminal 
Emulator are included. Wintek Corporation, 1801 
South St., Lafayette, IN 47904. (800) 742-6809 or 


A Portable Universal Development 


the - System For Only $1987 Drive Your VMEbus or Multibus II 
LOGIC i> > 


Farr e yy a - 


With a TODD Switching Power Supply 


e 150 to 700 Watts Outputs—Meet System Needs 
e Multiple Output +5 volts, + 12 volts, — 12 volts 

e High Sink Current AC Power Fail 

e More Than 100,000 Hours MTBF 

© 31% Smaller Packages—Up to 4 watts/in® 

e Clean, Simple, Rugged—Reliable in Harsh Environments 
e ...and more. 


the 
LOGIC” 


Ideal for in-house development, production & field 
LAB isa complete logic development system 


service. The new MDL-128™ combines: A 40 

channels by 4K deep 20 MHz Logic Analyzer, an 8/16 

bit 128K byte Emulator, and a dual EPROM Program- 

mer in one slim and easily portable unit. Full of 

outstanding features! 

@ Stand-alone or PC-based operation 

@ Real-time emulation and tracing for 8/16 bit microprocessors 

@ Single step and breakpoint capabilities 

@ Multi-level trigger, loop and delay counters 

@ Fast EPROM programming with no personality modules 
required 

@ Powerful and easy to use editing functions 

@ Disassembler for edit and trace data 

@ A 40 column internal thermal printer 

@ Operates on rechargeable batteries or AC adaptor 


YU INSTRUMENTS 


6534 Teakwood Street, Cypress, CA 90630 (714) 952-4622 
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* FAST MAP™ quickly and easily transforms your logic 
equations into a JEDEC fuse map. 

*The LOGIC LAB™ PROGRAMMER produces programmed 
GAL® devices to be tested in your prototype circuit. 

* The included GAL® devices may be reprogrammed up to 
100 times as you refine your design and test new prototypes. 

* The LOGIC LAB PROGRAMMER may produce your GAL® 
devices for production or you may send the JEDEC file 
to a programming center and produce nearly any 
manufacturer's PLD. 


If your job is to design a VMEbus or Multibus system, 
TODD has the smaller, low-cost, reliable switcher to give 
your system a competitive edge. Call 1-800-223-TODD, 
516-231-3366, or write: 


TODD 


PRODUCTS CORP. 
50 Emjay Blvd., Brentwood, NY 11717 


Demo Disk Available from: 
Programmable Logic Technologies, Inc. 


P.O Box 1567 Longmont, CO 80501 GAL is a registered trademark of 
Ph. (303) 772-9059 FAX (303) 772-5617 Lattice Semiconductor Corporation 
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8051 Executive 


imx/51® version 2.1 for the 8051 microcontroller series has 
demonstrated a 28% improvement in task context switch 
time and interrupt latency while completely compatible with 
version 1.3. Modeled after VRTX® (a registered trademark of 
Ready Systems, formerly Hunter & Ready) for the 8086 and 
68000 processors, imx/51 provides 21 service calls in a 2K 
ROM for task control, message passing with mailboxes and 
queues, interrupt assist, and timing management. 

The imx/51 package includes manual, four source code ex- 
amples, and duplicate ROMs containing imx/51. Call Rob 
Cianci at (305) 869-8168. 


INTRODUCING DC/ DESIGN™ 


Design Computation’s $ 
complete PCB design 9 r | 5 
package with schematic capture 


A true high-end CAE/CAD design tool that every electrical en- 
gineer can afford. For IBM PCs and compatibles, DC/ DESIGN is 
feature-packed with schematic capture, parts placement, inter- 
active autorouting and much more. 

Our professional one-mil, diagonal autorouter is also available. 
We challenge you to find 


a better PCB design WDESIGN 
YS money-back @COM PUTATION 


guarantee. Call today to Ten Frederick Avenue 
place your order or for Neptune, NJ 07753 
more information. Demo (201) 922-4111 TWX: 510-601-8352 


CMOS 80C88 SINGLE BOARD 
STD BUS COMPUTER 


Features the 16-bit 8088 with 8087 coprocessor 
socket and 1 Mbyte addressing, On-board functions 
include 2 JEDEC 28-pin memory sockets for up to 
128K bytes of RAM. EPROM, or EEPROM. Includes 
one RS-232/RS-422 serial port, 8259A interrupt con- 
troller, 3 16-bit counter/timers, SBX connector, and 
bebop timer. Available in NMVOS/TTL or CMOS 
rom 


WinSystems, Inc. 
PO Box 121361 


available. Visa and MasterCard accepted IMC Arlington, TX 76012 
2400 Westwood Drive, Longwood, FL 32779 817/274-7553 
CIRCLE NO 343 CIRCLE NO 344 CIRCLE NO 345 


LOW COST DISTRIBUTED 


DATA ACQUISITION AND CONTROL DC-DC CONVERTER 


PULSE TRANSFORMER 
FILTER BAND PASS 


EPROM/PAL Prog. 
LOGIC/DATA Analyzer 


EPROM PROGRAMMER .... $350 


2716 Through 271024 


PAL OPTION ...........::: $250 


20 and 24 Pin Pals 


MP OPTION ............... $100 


8741/42/48/49/51 


BIPOLAR OPTION ......... $350 


16, 18, 20 & 24 Pin Proms 
e Analog and digital I/O © Automatic acquisition HITACHI/INTEL Our DC-DC converters, pulse transformers & band pass 
modules e Data buffer to 40960 filters is now complete with excellent functions. We 
e Up to 255 modules on bytes Ra Ieee oe Prag. oe ° 1 also supply choke coils, power chokes, linearity coils, 
one port e High speed (up to toroidal coils, pulse transformers, coupling transformers, 
¢ Multidrop up to 4,000 10,000 pts/sec) CGS RNAL TEE _ $995 power transformers and others. Send for details today! 
feet e Stand alone operation : *OEM and Agent Inquiri ; 
quiries Invited 
¢ 8 and 12 bit analog I/O ¢ RS-232/RS-422/ EPROM SI cidastee oie Ro...es. $395 
e Up to 64 digital I/O RS-485/GPIB 
channels e Prices start at $495.00 FREE DEMO DISK a 


e On board timer 


Connecticut microComputer, Inc. 
PO Box 186, Brookfield, CT 06804 
TEL: 203-354-9395 800-426-2872 


ABC TAIWAN ELECTRONICS CORP. 
No. 422, Sec. 1, Yang Fu Rd., Yangmei 32627, 
Taoyuan, Taiwan, R.O.C. Fax: (03) 4755503 
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1-800-9PC-FREE 1-305-975-9515 


2780 S.W. 14th Street 
at m 7} Pompano Beach, FL 33069 


Analog Circuit Simulation 
A full featured SPICE based simulator runs on 
the IBM os eaaee interactive i and Output 


~ These wave- 

= forms show an 

_ IS_SPICE 
analysis of a 

- power supply 

_. snubber. 

_ Intu_Scope was 
=~ used for display 

and computation 

__ Of power and 

energy. The 

output shown 

~ used an 
Intu_Scope 

ce plotter utility 

PRE_SPICE, $200.00: Interactive control, Monte Carlo 

Analysis, Optimization, libraries and parameter evaluation. 

IS_SPICE, $95.00: Performs AC, DC and Transient analysis. 

Intu_Scope, $250.00: Displays, manipulates and plots data. 


Programs are not copy protected, come with a 30 day money 
back guarantee and require PC with 640K RAM, fixed disk, 
coprocessor and CGA or EGA or Hercules graphics. 


~-POWER ot 


, 4 P.O. BOX 6607 
— San Pedro, CA 90734-6607 
intusoft Tele: (213) 833-0710 


CIRCLE NO 349 


Samtec offers Hi-density 
Terminal Guide 


New 12-page Samtec ‘‘Guide to High Density Connectors’’ describes 
technical features of high pin count pin grid array connectors. Over 150 
standard patterns are shown as well as cross reference chart to match 
semiconductor part to appropriate mating connectors. Samtex pin grid 
arrays come in standard 8x8 to 20x20 arrays. Custom patterns are 
easy to specify in arrays from 2x2 to 20x20. Solid body and open body 
designs are available with low insertion force with surface mount, low 
profile, solder or wrap-pin. Request Catalog Supplement 186-04. 
Contact: 


Samtec, Inc. 
P.O. Box 1147, New Albany, IN 47150 
Phone: (812) 944-6733. FAX: (812) 948-5047 


CIRCLE NO 752 


Schematic-Capture Software 
from Wintek 


Create and revise schematics quickly and simply with HIWIRE® and your 
IBM PC. With a click of the mouse button, select a symbol from our 
extensive library; with a few more clicks, add connecting wires. Netlist, 
bill-of-materials, and smARTWORK® cross-checking utilities included. 
HiWIRE is $895 and comes with a 30-day money-back guarantee. Credit 
cards acceptéd. 


Wintek Corp. 
1801 South St., Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 
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IBM COMPATIBLE RS232 EASI-DISK 
3%2-5%2" FLOPPY DATA STORAGE & 
TRANSFER SYSTEM 


_IEEE-488 


MXI1-100 


@ GPIB controller board for IBM 
PC/XT/AT 

@ Control up to 14 Devices 

e User friendly Software Commands 

e DMA Transfer to 200k byte/sec. 


$345.00 including software 


QUA TECH, INC. 


478 E. Exchange St. Akron, OH 44304 
(216) 434-3154 TLX: 5101012726 
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Information Transfer to/from Non IBM Compatible Systems 
to/from IBM & Compatibles: (Over RS-232 or 488 Interface). 


e Reads & Writes MS DOS Disks 

e RS-232/488 I/O 

e¢ Rugged Portable Package/battery option 

¢ ASCII or Full Binary Operation 

e Baud Rate 110 to 38.4K Baud 

28 other systems with storage from 100K to 35 megabytes. 

ANALOG & DIGITAL PERIPHERALS, INC. 
815 Diana Drive Troy, Ohio 45373 
513/339-2241 TWX 810/450-2685 


CIRCLE NO 751 


Flow 
Charting II+ 


The New Plus 
for Fast 
Flowcharting 


FLOW CHARTING 
is new! It's now 
Flow Charting II+-, with more speed 
+ more functions + more printing options; 


¢ 10 text fonts; 26 shapes; * Line mode can stop 
at a shape; * Backspace key can erase a line to 
its origin; * Free text entry anywhere, or select auto- 
centering; * Vertical or horizontal printing; one 
chart or multiple charts. 

Used by Fairchild, Bechtel and more than 
500 other major corporations. Edit quickly 
and accurately — even major edits — with 
Flow Charting II+, the Specialist. 


See your retail store or call: 


PATTON & PATTON 


Software Corporation 
800/672-3470, ext. 897 California 
800/538-8157, ext. 897 National 
408/629-5044 Intemational) 
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63000 
NEW! 6 S() 10 
Z80 Z80+ 
8085 _ 3088 
NSC800 


In-Circuit Emulators ’ 


On ere Board 


eFor IBM-PC/AT/XT and : 
compatibles 

eDual RS-422/RS-485 interface 

eDifferential drivers to 4000 ft. 


Fast Delivery 
QUA TECH, INC. 


478 E. Exchange St. Akron OH 44304 
(216) 434-3154 TLX: 5101012726 
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WAVEFORM 
SYNTHESIZER 


Real time or single step execution. 
Small enough to plug into uP socket. 
RS-232 interface to terminal or PC. 
Up/download HEX/S-record files. 
Hardware or software break points. 


$550 to $1995! 


Nicolet 800-NICOLET (642-6538) 


or 608-273-5008 


For IBM-PC/XT/AT and 
compatibles 

Generates user-definable signal 
Up to 2000 points per envelope 


$795.00 
QUA TECH, INC. 


478 E. Exchange St. Akron OH 44304 
(216) 434-3154 TLX: 5101012726 


Et se SH. Ss 
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CMOS CONTROL 
COMPUTER 


«For PC XAUAT oF 
compatibles 
¢ Routines, se- 
quences and 
terminology 
ha similar to HP-85 
} * Won't ‘hang up’ 
bus during use 
¢ BASICA, as- 
sembly language, 
Microsoft & Lattice C and compiled 
basic support packages available 


UNIVERSAL EPROM PROGRAMMER KIT FROM $95! iS 


¢ On board power supply, 110/220 VAC; SBS-1000 has turbo speed, 20K industrial BASIC. 
tien eee eel aigelaget | shee Runs 5 times faster than BASIC-52 systems. All 
J CMOS with Z80 CPU, EPROM/EEPROM program- 

e User friendly softw; Full i : 
© Detailed 50 hase saul ath ee wieticn mer, 96K static RAM, 2 RS-232C serial ports, 32 
© Quick pulse alogrithm: 27256 under 60 sec lines digital 1/0, 4 channels-12 bit A/D, battery 
e All 24/28 pins to 27011 & CMOS E(E)PROMS backed calendar clock, keypad and display ports, 
expansion port, autorun mode, interrupts handled 


® Micros: 8741, 48, 48H, 49, 49H & CMOS 
* Auto baud RS232 to 19.2k; Free PC drivers by BASIC, industrial quality, 5V and stand alone 
operation. From $396 in 100s. 


Need additional information on pricing, 
volume discounts, or technical information? 
Call us toll free at (800) 227-7317 


: : S In Ohio (216) 349-3444. 


e Ofset/split Hex, Binary, Intel & Motorola 8, 16 & 
32 bit files; 2 board cased unit $495! 


I ee 356 W. Olive Ave, Ste 103, Sunnyvale, CA 94086 die Uae aril anti a 
ELECTRONICS Solon, OH 44139 : : ; ? OCTAGON SYSTEMS 6510 W. 91st Ave. 
Ph(408)730-5511 800-642-7617 Visa & MC ‘CORPORATION Westminster, CO 80030 
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OEM188 SBC DEVELOPMENT SYSTEM 
FOR PRODUCT APPLICATIONS 


See how well you 
can program for 


Z80 or 
HD64180 


with Hi-Tech™ C._ 


ee 


Quelo” 6800 Development 
Y oois 


First release 1983 - MOTOROLA compatible - produces ROMable 
code, S-records, extended TEK hex, UNIX COFF. Portable 
SOURCE CODE. Native and cross versions on: ATARI ST, AMIGA, 
Masscomp, Sun, Apollo, Charles River, VAX VMS and UNIX. 


EXPANSION 
BUS 


68020 Cross Assembler Package 


Supports 68000, 68010, 68020, 68881 and 68851 
For CP/M-68K and MS/PC-DOS - $750 


Starting at: 


$195 


This professional, IBM-PC based, compiler is a com- 
plete implementation of the "C" language for the Z80 
or HD64180 microprocessor. Includes features such 
as: function prototyping, 31-character names, single 


68000/68010 Cross Assembler Package 
For CP/M-80, -86, -68K and MS/PC-DOS - $595 


The OEM188 - designed to bring your product to 
market in the fastest possible time - through the most 
productive software development environment 
available & cost effective hardware. 


68000 “C" Cross Compiler 


For MS/PC-DOS by Lattice, Inc. - $500 


e The OEM188 boots MS-DOS or CP/M-86. Write your precision floating point, full library source, exploits 280 N 68020 Disassembler : 
‘ ROM your re Pahl ee | or ioe instruction set, reentrant code, M80-L80 and SLR : Supports 68000, 68010, 68020, 68881, 68851 W 
: mer is ondoar seastt ‘ é For CP/M-68K and MS/PC-DOS - $495/295, 
and fully integrated into the hardware and software. a nets etaaai ' sigh igs mode, excelent 2 I Amiga and Atari ST - $119/79. CRDS UNOS - $995/595 I 
e Develop your code quickly with Vesta’s ROMmed pile time error checning, elc., ere. T T 
languages designed for control tasks. : 68000/68010 Software Simulator : 
Size 8” x 8”. FDC for 4 drives, Dual UART with RS-232, TTL Z-World ¢ _ For MS/PC-DOS by Big Bang Sottware. Inc. - $285. VAX - $1900 s 
and RS-422 1/0, Bus - IBM, Printer port, Watchdog, Batte 9065 Martin Ave. #110 eS ne 
backed real time clock and up to 256 K static M/ROM. artin AVE. Call Patrick Adams today: Quelo, Inc. 
Programmer interface - terminal. Various 1/0 boards available. Santa Clara, CA 95050 gooey ee 173 
Prices starting as low as $329 each (408) 980-1678 : en Site, Corporate, OEM licenses Phone 206/285-2528 
"Z80 Family Specialists" COD, Visa, MasterCard Telex 910-333-8171 


VESTA TECHNOLOGY, INC.e7100 W. 44th Ave.eSuite 101 
Wheatridge, CO 80033 © (303)422-8088 ¢ VISA & MC 


In Germany: iSystem Tel: 08131/1687 


TM: Quelo, Quelo. Inc.. MS, Microsoft Corporation; CP/M, Digital Research 
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GANG/SET EPROM MULTIPROGRAMMER™ 
LOW-COST UNIVERSAL PROGRAMMER only $695.00 ANALOG I/O and DSP 


ideal for PC based 
Measurement/Test, Control, 


From the World’s Largest supplier of _ 
low-cost programming equipment Acoustics, and Signal Processing 
FROM $995.00 -_ 


MODELS 
PC-12E e16 SE or8 DF inputs, programmable gain 
amplifier, precision sample and hold, 12- 
bit A/D, four 12-bit D/A, 10-bit digital out, 
a memory mapped I/O. $550 


ie 4 PC-DAC  _e12-bit single or dual channel D/A with 
smoothing filter and crystal timer, ideal for 


voice output from PC, one channel voice 
input optional. $275 


PC-DMA 12-bit A/D and D/A to 100 KHz, dual- 
channel DMAcontrollerfor concurrent I/O 
capability, programmable H/W timer for 
zero timing jitter, I/O filters, program- 
mable gain and offset amplifier, 16-chan- 
nel auto-scan multiplexer, 8-bit digital 
I/O, etc. $1250 


PC-DMA16 eFeatures compatible to PC-DMA, but 
with 16-bit A/D and dual 16-bit D/A. $1595 


PC-DSP  e22-bit floating point DSP board for PC, 
compatible to the above PC-DMA boards 


The BYTEK $125 GANG WRITER is perfect for the pro- 
duction EPROM programming environment. 32 char. 
LCD provides extremely User Friendly operation. Stand- 
ard Features Include: 

*GANG PROGRAMMER: Duplicates up to 8 devices at 
one time. 

*SET PROGRAMMER: Copies upto 4 Masters (each 
with different data) simul- 
taneously. 

*Programs virtually all EPROMs, (MOS/CMOS/HMOS) 

& EEPROMs including MegaBit Devices. 


Get the FACTs about E/PROM/PLD/MICRO programming and 
UV ERASER products from the only company that has managed to supply 
low-cost quality equipment for years and maintained superb customer sup- 


port. All products 100% made in U.S. 14 day money back guarantee. ONE YEAR WARRANTY. for R/T DSP, 1K complex FFT in 10msec. 

LOGICAL DEVICES INC FREE SOFTWARE UPDATES. Menu-driven S/W packages available, including 
= 4 a Sample-to-Disk for continuous sample transfer to 

TOLL FREE 1321 NW 65TH PLACE ogee ese re (Prag and from harddisk. 80286 based workstation 

1-800-331-7766 Ft. Lauderdale, FL 33309 : packages available. 

FL (305) 974-0967 Telex 383142 BYTEK Corporation CANETICS, Inc. 


1021 S. Rogers Cir., Boca Raton, FL 33431 PO Box 70549, Pasadena, CA 91107 


FAX: (305) 994-3615 TELEX: 4998369 BYTEK (818) 584-0438 
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SAVE BIG 


ON TEXAS INSTRUMENTS 
CALCULATORS 


The NEW TI-95 Procalc™ 


Ai 
bre 
qd 


ne 


3% : » 
C ae 
—_——___— 


STATE OF THE ART 
Scientific Calculator 


*¢ Introduces ‘‘windows”’ to programmable-calculators! Dis- 
play windows identify the operations performed by the 
TI-95’s redefinable function keys. 

¢ Packs an unprecedented 200-plus functions in a menu- 
oriented, easy-to-use package. 

¢ 8K RAM expandable to 16K 

* Up to 900 data registers. Or up to 7200 program steps. 
Or up to 6200 bytes of file space for storing custom pro- 
grams or data. 

e An unprecedented set of built-in scientific functions in- 
cluding permutations, combinations, least common multi- 
ple, prime factors, random number generation, metric 
conversions, hyperbolic trigs and cubic- and quadratic- 
equation evaluation. 

* Straightforward keystroke language includes branching, 
subroutines, tests, flags, file operations and alpha capa- 
bility. 

¢ Full program control of redefinable function keys 

¢ AOS™ algebraic operating system 

¢ The TI-95 comes with a comprehensive user's guide, a 
programming guide, a sturdy hard-plastic carry case, and 


4 AAA size batteries. 
$139 


¢ Constant memory feature 3.75” x 8” x 1” 
+ El 


FBI 


Mfr. Sugg. Ret. $200 
Ti-74 Basicalc™ 


Fas RETRO 


¢ It's an advanced scientific calculator, with 70 functions— 
and a BASIC programmable calculator, with 113 com- 
mands. 

¢ AOS™ algebraic operating system 

¢ 8K bytes of built-in RAM, plus optional 8K 

e Display shows up to 31 large alphanumeric characters 
(scrolls left or right to 80) and 14 status indicators. Adjust- 
able contrast. 

* Comes with user’s guide and a BASIC programming ref- 
erence guide. 

* Scientific functions include common and natural loga- 
rithms and antilogarithms, reciprocals, powers, roots, fac- 
torials, and trigonometric calculations, including inverses, 
in degrees, radians or grads. 

¢ Constant memory feature 4.2” x 8.3” x 1.3” 


$94 


TI-74 and TI-95 Mfr. Sugg. Elek-Tek 
Accessories Ret. Price 


TI-8K Constant Memory Cartridge $ 50.00 $34.00 
TI-PC 324 Printer 115.00 69.00 
TI-Cl-7 Cassette Interface 35.00 22.00 


Mfr. Sugg. Ret. $135 


Software Cartridges 


Learn Pascal Cartridge $45.00 $29.00 


f TI-74 Statistics Cartridge 45.00 29.00 
TI-74 Mathematics Cartridge 45.00 29.00 
TI-95 Mathematics Cartridge 50.00 33.00 
TI-95 Statistics Cartridge 50.00 33.00 


aig TEXAS 
INSTRUMENTS 


CALL TOLL FREE 800-621-1269 


Except Illinois, Alaska 
Canadian Toll Free 800-458-9133 


Corporate Accts. Invited. Min. Ord. $15.00. Visa or MasterCard by Mail 
or Phone. Mail Cashier’s Check, Mon. Ord., Personal Check (2 wks. to 
clear) Add $4.00 1st item. (AK, HI, P.R., Canada add $10.00 first item) 
$1.00 ea. add'l shpg. & hand. Shipments to IL address add 7% tax. Prices 
subj. to change. WRITE for free catalog. RETURN POLICY: Defectives 
Only: Most products replaced within 30 days of purchase with identical 
merchandise only. Computer and large peripherals replaced only when 
defective on arrival (within 3 work days of delivery). Other problems 
covered by mfr. warranty. ALL ELEK-TEK MERCHANDISE IS BRAND 
NEW, FIRST QUALITY AND COMPLETE. Immediate delivery on all above 
items. DUNS #09-718-0517 


ELEK-TEK 


6557 N. Lincoln Ave., Chicago, IL 60645 
312-677-7660 


CIRCLE NO 55 


266 


LITERATURE 


Note on amplifier 
circuit design 


The 2-pg application note AN-151, 
Designing Photodiode Amplifier 
Circuits with OPA128, explains how 
to minimize the tradeoffs and im- 
prove the performance when de- 
signing photodiode amplifier cir- 
cuits. Specific topics include 
photodiode capacitance, feedback 
and diode shunt resistance, photo- 
voltaic vs photoconductive modes, 
shielding, and oscillation suppres- 
sion. 
Burr-Brown, Box 11400, Tucson, 
AZ 85734. 
Circle No 414 


IC solutions for 
communications 


The 1987-1988 IC Product Hand- 
book provides technical descriptions 
and application notes for more than 
20 ASICs, including eight new prod- 
ucts. It lists analog speech scram- 
blers, delta modulation codecs, 
1200-baud min shift-key modems, 
switched-capacitor filters, selective 
calling devices, and encoders/decod- 
ers. Illustrations, tables, figures, 


and schematics help to clarify the 

product descriptions. 
MX-Com Inc, 4800 Bethania Sta- 
tion Rd, Winston-Salem, NC 27105. 
Circle No 415 


Fiber-optic measurements 


The 25-pg booklet, How to Make 
Accurate Fiber Optic Power Meas- 
urements, contains six sections. The 
introduction presents the current 
status of fiber optics, the measure- 
ments of optical power, and the com- 
pany’s HP8152A power meter. The 
next two sections deal with accuracy 
limits due to the detector and ampli- 
fier and accuracy limits due to coup- 
ling methods. Sections on nonrepro- 
ducibility caused by the fiber and 
the source, standards and ecalibra- 
tions, and literature complete the 
presentation. Also included are fig- 

ures, tables, and 3-D examples. 
Hewlett Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Circle No 416 


App note describes 
analog-circuit design 


The 16-pg application note, AN-11: 
Designing Linear Circuits for 5V 
Operation, provides circuit sche- 
matics and descriptions of various 
linear functions that can be incorpo- 
rated with digital functions on a pe 
board, using a common 5V supply. 
The applications discussed include a 
linearized-platinum signal condi- 
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tioner; a linearized-output methane 
detector; a cold-junction, compen- 
sated thermocouple signal condi- 
tioner; an instrumentation amplifi- 
er; and a strain-gauge signal 
conditioner. Other applications de- 
scribed include a tachless motor- 
speed controller, a 4- to 20-mA cur- 
rent-loop transmitter (with a 
floating-point option), an isolated 
limit comparator with a gain of 100, 

and an isolated A/D converter. 
Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 95035. 
Circle No 417 


Listing of digital switches 


This catalog describes a wide range 
of switches, including Digiswitch, 
Minilever, Digivider, and Digi- 
decade switches, as well as Minikey 
keypad systems. Its easy-reference 
format guides you through military 
and commercial switch selection and 
includes a feature and options chart, 
truth tables listed by product se- 
ries, engineering parameters, and 
layout drawings. It covers thumb- 
wheel switches, _ lever/toggle 
switches, pushbutton switches, spe- 
cial-custom products, accessories, 
and switch-and-assembly ordering 
instructions. 
Digitran, 3100 New York Dr, Pas- 
adena, CA 91107. 
Circle No 418 


Report explains 

reliability testing 

Product Reliability Report, RR-1C, 
describes the steps the vendor has 
taken to reach new reliability stand- 
ards for analog and data-conversion 
products. The procedures and mate- 
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rial presented in the 7-pg report are 
based on an audit by the accounting 
firm of Coopers & Lybrand. The 
two tutorials included in the report 
present the theory behind the com- 
putation of an acceleration factor 
and the determination of a failure- 
in-time rate. 

Maxim Integrated Products, 510 
N Pastoria Ave, Sunnyvale, CA 
94086. 

Circle No 419 


How to create 
a mouse menu program 


The Microsoft Mouse Program- 
mer’s Reference Guide explains how 
to write mouse menu programs and 
how to design a mouse interface for 
the applications you write. The 
guide has two main sections. The 
first section tells you how to create a 
mouse menu program that allows 
you to use the vendor’s mouse with 
an application that doesn’t have 
built-in mouse support. The second 
part explains how to build mouse 
support directly into one of your 
own applications. The guide also 
contains the tools and technical in- 
formation you need to make direct 
ealls to the driver. $25. 
Microsoft Corp, Box 97017, Red- 
mond, WA 98073. 
INQUIRE DIRECT 


Coaxial products catalog 


Catalog #587 is a 29-pg listing that 
features a full line of coaxial adapt- 
ers, connectors, attenuators, termi- 
nations, and cable assemblies. The 
newly featured line of coaxial atten- 
uators includes BNC, “N”, SMA, 
and TNC. Both flexible and semirig- 
id cable assemblies are available. It 
includes technical specifications and 
pricing for more than 1000 standard 
catalog items. 
Pasternack Enterprises, Box 
16759, Irvine, CA 927138. 
Circle No 421 


WORLD'S 
SMALLEST 
DIP SWITCH 


SAME SIZE 
AS AN 
IC 


HIGH DIPS SHADOW LOW IC’S 


NEW DIP SWITCH 


THE LOW PROFILE K40 DIP IS 
THE SAME SIZE AS AN IC 


NO MORE HAND LABOR. 


YOU CAN USE AUTOMATIC 
INSERTION EQUIPMENT! 


If you don’t have automatic insertion equip- 
ment, we’re banking that some day you will. To 
prove that, we’ll charge you the same low price 
for all your purchases—no more need for the 

low-volume premium prices you're paying now. 


AVAILABLE IN 
2,3, 4,5,6,7&8 
POSITIONS 


FREE SAMPLE! 


WITH STAPLED BUSINESS 
CARD TO YOUR LETTERHEAD 


AMERICAN RESEARCH 
& ENGINEERING 
1500 EXECUTIVE DRIVE 
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EDN is written for profession- 
als in the electronics industry 
who design, or manage the de- 
sign of, products ranging from 
circuits to systems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, prod- 
ucts, and design techniques. 


EDN covers new and develop- 
ing technologies to inform its 
readers of practical design 
matters that will be of concern 
to them at once or in the near 
future. 


EDN covers new products 

@ that are immediately or 
imminently available for 
purchase 

@ that have technical data 
specified in enough detail 
to permit practical appli- 
cation 

@ for which accurate price 
information is available. 


EDN provides specific ‘‘how 
to” design information that our 
readers can use immediately. 
From time to time, EDN’s tech- 
nical editors undertake special 
“hands-on” projects that dem- 
onstrate our commitment to 
readers’ needs for useful 
information. 


EDN is written by engineers for 
engineers. 


275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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PROFESSIONAL ISSUES 


Users groups and their vendors: 


The ins and outs of 


Simon Favre, a modeling engineer 
for LSI Logic, cites three reasons 
for belonging to the Mentor Graph- 
ics Users Group, which is called 
MUG. First, he finds the exchange 
of information with other users of 
Mentor Graphics’ workstations 
fruitful, and he also enjoys such 
membership benefits as the group’s 
software exchange. 

The third of Favre’s reasons for 
belonging to MUG is perhaps the 
most important: MUG membership 
gives him the chance to influence the 
development of Mentor Graphics 
products—something he would not 
be able to do as an isolated, individ- 
ual user. “If you get 200 people at a 
users-group meeting who say they 
don’t like something, Mentor will sit 
up and take notice,” says Favre, 
who runs Mentor’s Idea Station 
software on the Apollo DN 3000. 

Many members of other users 
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groups agree on the relatively weak 
impact of the lone voice. “Requests 
from an individual user don’t carry 
much weight,” says David Austin, 
manager of computer-aided design 
at Integrated Technology Corp 
(ITC) in Tempe, AZ, and a member 
of an organization for users of Cad- 
netix Corp’s CAE workstations. “As 
a result, the group is the only way 
that users can effectively communi- 
cate what they want in terms of new 
features.” 

Users of PC-level equipment are 
often attracted to general-purpose 
computing groups by their regular 
meetings and the chance to swap 
tips and software. But users of high- 
er-level machines want much more. 
Engineers want users groups to 
open the door to discussions with 
the manufacturers’ engineers about 
the current crop of products and the 
design decisions behind them as 


a partnership 


Deborah Asbrand, Associate Editor 


ce ) Jon Mcintosh 


well as features planned for the next 
generation of products. 

Nurturing a happy relationship 
between a manufacturer and the en- 
gineers who use its equipment, how- 
ever, can be tricky. “It’s a courtship 
and marriage type of situation,” 
says Stan Nissen, MUG president. 
Indeed, after easily agreeing that 
some form of partnership is a good 
idea, a vendor and its users group 
must then tackle the more difficult 
tasks of managing two often differ- 
ing sets of opinion, communicating 
regularly, and maintaining their in- 
dependence. 

Manufacturers and customers 
alike agree that users groups are 
beneficial. For manufacturers, spon- 
soring a users group provides a 
handy source of reference for design 
and marketing questions. It can also 
take the pressure off customer-sup- 
port services. For users, the group 
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Nurturing a happy relationship between a manufacturer and 
the engineers who use its equipment can be tricky. 


provides an educational and practi- 
cal outlet for the exchange of ideas, 
tips, and materials. 

Opinions on how a users group 
should operate, though, often di- 
verge. Mentor Graphics users group 
appeared from the company’s view- 
point to be a successful effort. In 
addition to regularly held regional 
and national meetings, MUG issues 
a monthly publication, called 
“Mugazine,” that lists meeting 
dates and provides a forum for its 
members to exchange information 
and offer solutions to problems. 

MUG filled most, but not all, of 
the customers’ needs, says Nissen. 
“Mentor Graphics bent over back- 
wards to make MUG a successful 
organization that was able to run on 
its own,” he says. Yet the users 
found something lacking: They 
wanted to talk directly with Men- 
tor’s engineering staff. So MUG de- 
cided to hold its 1987 annual meet- 
ing in a Beaverton, OR, hotel—just 
a short drive from Mentor’s head- 
quarters. 

More than 225 Mentor customers 
gathered for the 3-day meeting. 
Even more important, approximate- 
ly 100 Mentor engineers spread 
themselves among the technical ses- 
sions and open forums to answer 
questions and talk with users. By all 
accounts, the meeting was easily 
the most successful to date: “There 
was overwhelming interaction be- 
tween the users and Mentor Graph- 
ics’ engineering staff,” says Nissen, 
a digital engineer at Raytheon’s 
Missile Systems Division in Bed- 
ford, MA. “Users gained a very 
strong insight into what’s behind 
the scenes at Mentor, and the engi- 
neers gained great insight into what 
users’ needs are.” 

“The users came with moans and 
gripes, but there’s no question that 
we want and need a relationship 
with each other,” says Peter 
Hoogerhuis, Mentor Graphics’ man- 
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ager of corporate field support. 

Although most manufacturers 
readily recognize and appreciate the 
need for customers to communicate 
among themselves, Mentors’ experi- 
ence shows they can overlook the 
sophisticated user’s need to commu- 
nicate directly with the manufactur- 
er’s engineering staff. Other compa- 
nies are discovering that sponsoring 
a users group requires much more 
from them than contributing funds 
and furnishing a keynote speaker 
for the annual meeting. 

To improve communications with 
its users group, for example, Sun 
Microsystems (Mountain View, CA) 
is organizing a 12-person council to 
handle questions, criticisms, and 
suggestions from the users group’s 
3000 members. Each council mem- 
ber will specialize in a technical 


field, such as compiler development, 
network support, operating-system 
development, and window stan- 
dards. Sun’s workstation customers 
say the council’s formation indicates 
the company’s willingness to recog- 
nize the importance of their feed- 
back. “It commits the company to 
the users group in a formal way,” 
says Sun Users Group president 
William Toth. 

A task of equal importance to 
2-way communication is preserva- 
tion of the users’ independence. 
Vendors and customers both say 
they are sensitive to any attempts to 
manipulate the users group into an 
extension of the manufacturer’s 
sales and marketing effort. Sun Mi- 
crosystems’ liaison to its users 
group, Sanford Meltzer, points out 
that although he has easy access to 
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“3000 of our best customers,” Sun 
has always advocated the group’s 
autonomy. “From the day I was 
hired, I was given no directions 
[from Sun] as to where the users 
group should go. My direction 
comes from the users group’s board 
of directors.” 

Other company representatives 
agree that they should consider 
users groups as separate entities 
that complement the company. “It’s 
not just a vendor-user relationship; 
it’s a partnership,” says Morris 
Paserchia, eastern regional techni- 
cal support manager for Boulder, 
CO-based Cadnetix and liaison with 
its 700-member users group. 


Seeing the fruits of labor 


Once a manufacturer and its users 
group have established their re- 
sponsibilities and jockeyed for posi- 
tion, users-group members say they 
are reasonably successful in influ- 
encing product design. “Cadnetix’s 
response is not always immediate, 
but we do see it,” says Ron EuDaly, 
head of Cadnetix’s midwestern 
users group. EuDaly uses the Cad- 
netix CDX 50000S and 901008 
workstations in his job as a supervi- 
sor for communications-equipment 
maker Xetron (Cincinnati, OH). 
He’s pleased that the company has 
introduced both a floating-point op- 
eration and a drawing package in its 
latest software release—both en- 
hancements that were recom- 
mended by attendees at a meeting 
of northeastern users that KuDaly 
attended last year. 

Digital Equipment Corp’s users 
group has acquired a reputation in 
users-group circles because of its 
substantial influence within the 
company. That influence stems in no 
small part from its size—55,000 
members—and its considerable re- 
sources. Digital Equipment employs 
a staff of 35 to manage the activities 
of the group, called the Digital 
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Equipment Corporation Users Soci- 
ety (DECUS), and its 21 special- 
interest groups. 

Bill Brindley, a 12-year DECUS 
member and chairman of its special- 
interest group on networks, says 
the networks group has made many 
product recommendations to DEC, 
most of which have been imple- 
mented. “Going back over the years, 
users would say which capability 
they’d like to see in the product, and 
we’d write them up and pass them 
to DEC. More than 80 to 90% of 
those features got implemented in 
future network products.” 

Most recently, DECUS took Dig- 
ital Equipment to task for a pro- 
posed software-licensing policy. 
After receiving a letter from 
DECUSX’s board of directors stating 
that the proposal was not in the best 
interests of the users, DEC aban- 
doned its plans. DECUS is very 
effective in keeping DEC on track, 
says Tom Provost, a computer- 
group leader for MIT’s William H 
Bates Linear Accelerator Center in 
Middleton, MA. “When DEC is not 
building the best product for the 
market, sometimes the users spot 
that more quickly than DEC.” 

Though their ability to affect 
product design may not always be 
all that they would like, users-group 
members say that without the back- 
ing of the group, they would have 
almost no chance to effect change. 
“Cadnetix has stated to us at Inte- 
grated Technology Corp as well as 
to other users that requests from 
individual users don’t have much 
weight,” says Austin. Observes 
DECUS member Provost, “Feed- 
back has to be organized in order to 
carry weight.” EDN 
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STIMULUS PATTERN GENERATION FOR: 


VALID MENTOR GRAPHICS TERRS 
SILOS 4 TEKTRONIXICAE ig 


LOGIC SIMULATORS. 

VGEN, a stimulus generation language, can reduce 
the time it takes to create and modify simulation 
stimulus files by up to 80%! VGEN provides a powerful 
high-level language interface for the pattern generation 
task. 

For many logic simulators, stimulus pattern 
generation and modification has long been a monoton- 
Ous, error-prone process. Flexibility in emulating and 
modifying system timing has been almost nonexistent. 
The availability of VGEN, however, radically changes 
this situation. A designer can now algorithmically 
generate patterns with precise control over pattern 
cycle times as well as individual pin timing. 

If you are involved with large logic simulations on 
any of today’s popular simulators, let us show you how 
VGEN can improve your productivity and enhance your 
overall simulation effectiveness. 


Write or call TODAY: (408) 374-1941 


MENTOR GRAPHICS is a trademark of Mentor Graphics Corporation, VALID is a trademark of 
Valid Logic Systems, Inc., DAISY is a trademark of Daisy Systems Corporation, HILO is a 
registered trademark of GenRad Corporation, SILOS is a trademark of Simucad, Tegas is a 
trademark of G.E. Calma Company, LDS is a registered trademark of LSI Logic Corporation, VGEN 
is a trademark of Source Ill, Inc. 


SOURCE Ill, INC. 
170 KNOWLES DRIVE, #209 
LOS GATOS, CALIFORNIA 95030 
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Reach More Than 121,500 
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Electronic Products! _ 


For further information, 
contact Lauren Fox, EDN 
Info Cards Manager, at 
(203) 328-2580. 
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MCDATA Corporation is the designer and 
manufacturer of information system products 
which effectively integrate communications, 
computing and data management. 


Our rapid growth has created the following 
positions at our facilities in Broomfield, a 
northern suburb of Denver. 


SOFTWARE ENGINEERS 


Will be involved with all or part of the follow- 

ing communications controller development: 

e Asynchronous communications and 
terminal emulation 

e Local and wide area networking interfaces 
and connectivity solutions 

e Diagnostic software for manufacturing and 
customer service 

¢ Communications and network software test 
and verification 

e Software development tools 


These positions require 2-10 years of develop- 
ment experience, preferably in data com- 
munications systems, ‘‘C’’ language and Intel 
microprocessor experience with a BSCS/ 
BSEE. Position level to correspond with 
experience. 


MECHANICAL ENGINEER 


Will define, design, and develop 
mechanical systems including generation of 
complete product documentation, tool 
development, vendor liaison and attainment 
of product design and cost goals. 


Requires 7 years of product design with em- 
phasis on electronic package methods and 
BSME. CAD work station experience prefer- 
red. 


MCDATA is committed to a smoke free 
environment. 


To the selected candidates we offer a com- 
petitive salary, excellent benefits package, 
plus an opportunity to grow in an exciting 
fast paced and results-oriented environment. 


If you are interested in becoming a part of a 
dynamic, progressive, people-oriented 
organization, please submit resume including 
salary history to: 


MCDATA CORPORATION 

295 Interlocken Blvd 

Broomfield, CO 80020 

Attention: Robert E. Bales 
Manager of Personnel 


We are an equal opportunity employer 


1987 Editorial Calendar and Planning» 
Guide 


Issue Recruitment 
Date Deadline Editorial Emphasis EDN N ews 
Sept. 3 Aug. 13 Analog ICs; CAE; ASICs 
Closing: Aug. 20 
Sept. 17 Aug. 27 Memory Technology; Com- Mailing: Sept. 10 
munications Technology; 
Software 
Closing: Sept. 3 
Oct. 1 Sept. 10 Surface-Mount Technology; Mailing: Sept. 24 
Computers & Peripherals; 
Industrial Product Showcase ; 
Closing: Sept. 17 
Oct. 15 Sept. 24 ‘Test & Measurement Special Mailing: Oct. 8 
Issue; Analog ICs; ASICs 
Closing: Oct. 1 
Oct. 29 Oct. 8 Computers & Peripherals; Mailing: Oct. 22 
ICs & Semiconductors; 
Wescon ’87 Product 
Preview 
Closing: Oct. 15 
Nov. 12 Oct. 22 Wescon ’87 Show Issue; Mailing: Nov. 5 
ICs; Computers & 
Peripherals ; 
Closing: Oct. 29 
Nov. 26 Nov. 5 Microprocessor Technology Mailing: Nov. 19 
Report & Directory; Analog 
ICs; Sensors & Transducers ; 
Sn eee ee eee Closing: Nov. 12 
Dec. 10 Nov. 19 Product Showcase-Volume I; Mailing: Dec. 3 
ICs and Semiconductors; 
Software . 
Closing: Nov. 26 
Dec. 24 Dec. 3 Product Showcase-Volume Mailing: Dec. 17 


II; Computers & Peripherals; 


Test & Measurement 
Instruments 


Call today for information. 


East Coast Janet O. Penn (201) 228-8610 


West Coast Dan Brink (714) 851-9422 


National Roberta Renard (201) 228-8602 


DEVELOPMENT 
ENGINEER 


Applicant will perform research, design and 
development of sophisticated equipment and 
controls for paper, color and protection of the 
printing press system, including micro- 
processor controls consisting of both hardware 
and software. Ph.D. of Electrical and Computer 
Engineering or Master Degree plus three (3) 


N 


years experience in the job offered. 40 hours First in Readership Among Design 


per week. 8:00 A.M. to 5:00 RM. — $980.77 
per week. Please send resumes to: Illinois 
Department of Employment Security, 401 
South State Street - 3 South, Chicago, Illinois 
60605, Attention: Robert S. Felton, Reference 
#V-IL-7110F, An Employer Paid Ad. 


Engineers and Engineering 
Managers in Electronics 
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Imagine 


Working In A Company With 
Innovative Products Resulting In A Compound 
Annual Growth Rate of 100%. 


At QMS, we create, manufacture and 
market intelligent graphics controllers for 
laser printers. We also offer an extensive line 
of impact printers used in industrial graphics 
and barcode labeling applications. 


Our 10 year history of solving tough prin- 
ting problems in the impact and non-impact 
worlds, has resulted in a rapid growth of near- 
ly 100% per year and a reputation as a 
dynamic, innovative corporation. 


Senior Level Engineers 


Engineering Managers 
Program Managers 


To continue our growth in this explosive 
market, we have immediate positions 
available for individuals preferably from a 
larger commercial electronics company. 
Your 8+ years experience will provide 
leadership to a young, energetic, engineering 
staff. BSEE/BSCS required. Advanced 
degrees preferred. 


A few positions are available for outstan- 
ding individuals with less experience. 


QMS representatives will be interview- 
ing for: Engineering Managers, Hardware 
Engineers, Software Engineers, Quality 
Assurance Engineers, Mechanical Packag- 
ing Engineers, Product Publication 
Manager, Documentation Specialist. 


Applicants should be familiar with most 
of the following: Structured Programming, 
UNIX, C, 68000, Microprocessor Family 
Design, PAL Design, RIP Design, CAD/ 
CAE, Worst Case Design Analysis/Simula- 
tion, PERT, MTBF Analysis, Surface Mount 
Technology. 


At QMS, our technical people make 
major impacts on the success of the cor- 
poration. Please send resumes to: Ted 
Labay, Human Resources, Dept. EDN 8/6, 
QMS, Inc., One Magnum Pass, Mobile, 
AL 36618. Equal Opportunity Employer. 


OVS 


Where Imagination Leads 
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MATERIALS & EVALUATION 
LAB ENGINEERS 


ITT AVIONICS offers the kind of environment that will enable you to utilize 
your skills and experience to full advantage. Put yourself at the forefront 
of technology to assure your growth in an Engineering career. That 
forefront is Avionics and ITT is one of the leaders. ..a prime mover in 
the think-ahead world of military electronic defense systems. Currently 
we are seeking individuals in reliability and qualification testing and 
manufacturing screening of electronic systems and physical sciences. 
secure your future now by joining ITT AVIONICS especially if you are 


involved in any of the following areas: 


MS /PhD Chem. All posi- 


tions require secret clearance. 
5-8 years experience inorganic 
chemistry / materials. 
Background in testing, chemical 
analysis, materials identification, 
administration of lab personnel, 
and computer literate. 


BS /MS ME. 3-5 years ex- 
perience engineering back- 
ground. Knowledgeable in 
reliability / qualification testing, 
administrative responsibility, 
manufacturing oriented and 
computer literate. 


BS / MS EE. 5-7 years ex- 
perience. Knowledge of elec- 
trical test and test equipment 
design for environmental tests, 
experience in qualification and 
reliability testing, computer 
literate, hands-on, supervision of 
testing facility. 


BS /MS MIE. 5-7 years ex- 


perience. Knowledge in 
mechanical design for en- 
vironmental test. Qualification 
and reliability testing, supervi- 
sion of test facility. Computer 
literate, hands-on. 


BS / EE or equivalent ex- 
perience 10 years. 
Knowledgeable in testing 
semiconductors, components, 
and materials. Familiar with SEM, 
microscopes, macrophotography, 
minor mechanical tests, failure 
analysis, sample preparation, test 
fixture set-ups. 


BS / EE - environmental 
testing. Knowledge in electrical 
testing of complex electronic 
systems. Hands-on, knowledge 
of electrical engineering and 
computer literate. 


BS /MS MET /Chemn. 3-6 years experience. 


Materials specialist-inorganic chemical analysis-areas of 
expertise-chemistry, inorganic analytical and instrumenta- 
tion, metallurgical-electronic materials: materials studies 
and investigations-supervision, materials selection, com- 
puter literate, military electronics. 


AtITT AVIONICS you will enjoy attractive salaries and generous benefits; 
medical, dental and life insurance, 100% advanced tuition payment, 401K 
savings and investment plan. We provide an excellent relocation package 
to assist you in your transition period. Our extremely pleasant campus- 
like location is accessible to New Jersey’s famous beaches, mountains, 
sports and cultural facilities, and just a short drive from the attractions 
of New York City. Few other sites can offer the quality and diversity of 
lifestyles available here in the Garden State. 


For immediate consideration, please send 
your resume, in confidence, to: 


BEVERLY DeANGELO 
PROFESSIONAL EMPLOYMENT 
| ITT AVIONICS 
390 WASHINGTON AVENUE 
NUTLEY, NEW JERSEY 07110 


An equal opportunity employer M/Fe US. Citizenship Required 


TTT AVIONICS 
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It’s the opportunity to join the rapidly grow- 
ing medical technology industry as part of a 
team that applies technology to the goal of 
saving lives. Nellcor’s non-invasive medical 
monitors give an added margin of safety to 
critical care and surgical procedures. Our 
sales have grown steadily since our first 
product introduction in 1983 and our stock 
just went public in an initial offering. 


You can make a contribution in a supportive 
environment, one that rewards innovation, 
by applying now for one of the following 
positions: 


Circuit Design Engineer—Design instru- 
mentation circuits from conception to manu- 
facturing. Circuits are in the low- to 
medium-frequency, low noise front end cir- 
cuits and basic signal processing designs. 
Requires proven expertise in analog circuits 
with good knowledge of recent advances in 
linear circuit products. BS/MSEE and back- 
ground in medical instruments are 
preferred. 


Product Engineer—Provide primary tech- 
nical support in the development of product 
until release to manufacturing. Lead meet- 

ings, assign tasks and act as an intelligent 

filter for design group in problem handling. 
Provide training to manufacturing personnel 
on new products. Requires a BSEE or equiva- 
lent and a good understanding of electronic 


Technology With A 
Human Touch 


e Offer You 
omething Few 
Companies Can. 


design and manufacturing. Ability to moti- 
vate others and knowledge of complex 
tradeoff issues are essential. 


Test Design Engineer—Design test equip- 
ment and procedures for system-level tests of 
complex, new microprocessor-based prod- 
ucts. BS/MSEE and 3+ years’ experience. 


Instrument Design Engineer—Design, 
build and evaluate prototype optical instru- 
ments; develop computer interfaces; test and 
evaluate prototype instruments. BS/MSEE 
with 4+ years’ instrumentation experience 
or a BS/MS in physics with extensive fabrica- 
tion experience. 


Signal Processing Engineer—Develop and 
test signal processing algorithms for process- 
ing of biological data and biochemistry sen- 
sors. Provide signal analysis support and 
direction to various ongoing research proj- 
ects. PhD in scientific area involving signal 
processing. Training and experience in digi- 
tal signal processing, discrete Fourier trans- 
forms, fast Fourier transforms and 
non-stationary process transformations. 


Software Engineer—Design, code and 
checkout software components and systems. 
Support and expand software for existing 
dace Investigate and improve instru- 
ment performance. May lead other software 
engineers on projects. Requires 3+ years’ 
experience in software generation, including 
experience in real-time systems and ROM- 
based software. BS or MS preferred. 


What Have You Got to Offer? 


Nellcor would like to find out. We’re pre- 
pared to offer competitive salaries and an 
array of benefits including profit sharing, 
bonuses and more. Inside and out, our mod- 
ern facility located in Hayward, California, 
reflects our emphasis on providing the best 
for our employees. For immediate considera- 
tion, send your resume to NELLCOR, Ad 
#07-07, 25495 Whitesell Street, Hayward, 
CA 94545. EOE, m/f/h/v. 


NELLCOR’ 


SEMICONDUCTOR ACQUISITION AND TEST 


Digital has it now 


Challenge. Steen a ae engineer to design, 


develop and verify high pin count ASIC packages. Major 
emphasis will be on signal integrity and development of 
electrical characterization methodologies including 
electrical measurement and simulation techniques. 


At Digital’s Semiconductor Acquisi- 
tion and Test group, our engineers 
are always looking to meet the 


challenges of today using the You will consult with design groups desiring high 
technology of tomorrow. And, performance packages and will also work with 
we're always on the lookout for ex- semiconductor vendor package development groups. 


perienced, dedicated professionals 
who can thrive in the first class en- 
vironment of our facility in 
Marlboro, Massachusetts. 


To be part of this fast paced, multi-disciplinary 
engineering development group, you must have ex- 
cellent knowledge of transmission line characteristics, 
RF/high frequency applications, and simulation tools for 
electrical characterization of semiconductor packages. 


Experience in the design of controlled impedance 
semiconductor packages, and knowledge of electrical 
characterization equipment are also desired. 


If you are looking for an exciting new challenge, send 
your resume to: Vicki Coleman, Dept 0806 7820, 
Digital Equipment Corporation, 111 Locke Drive, 
LMO2/P30, Marlboro, MA 01752. 


We are an affirmative action employer. 


dlijg|i|tlal | 


THE EDN MAGAZINE/EDN NEWS 


Recruitment Package 


The most cost-effective way to reach the most professionals! 


EDN reaches more than 137,000 engineers 
and engineering managers, the largest 
circulation in the electronics field. EDN News 
reaches EDN’s U.S. circulation of more than 
121,500. And, when you place equivalent 
space in both the Career Opportunities section 
of EDN, and the Career News section of EDN 
News in the same month, you'll get a % 
discount off the EDN News rate! 


EDN MAGAZINE/EDN NEWS 
Where Advertising Works. = 
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through Innovation. 


That’s the success tradition at 


Rockwell International’s Telecommunications Businesses. 


We create traditions that evidence involvement. The fruit 
of our lateral integration strategy, for instance, offers the oppor- 
tunity to work across the entire technological spectrum. By placing 
product planning, advanced technology, R&D, manufacturing and 
quality in one central location we achieve a focus on technical 
excellence. 


Our far-reaching commitment to R&D and innovation is 
reflected by our market leadership position. We were the first lead- 
ing equipment maker to offer completely digital systems and 
helped pioneer both analog and digital microwave systems. Today, 
product lines that include the most advanced, high performing one 
gigabit fiber optic transmission systems, digital and analog 
multiplex systems, and | .7 to 19.7 GHz frequency microwave com- 
munications systems are the foundation of our strong reputation 
in telecommunications. 


Our development teams pursue lightwave, microwave and 
digital innovation combining technology, involvement and 
company support. To become involved, consider the following: 


Process Engineers 


Should possess a BS or MS in EE, Physics or Chemistry with 
5 years experience in semiconductor processing technology. This 
Team Leader position provides technical direction, work-flow con- 
trol, and hands-on expertise while coordinating the Process Team 
efforts in pilot production and InGaAsP/InP devices research and 
development. Requires understanding of processing techniques 
and equipment, such as: photolithography, wet and dry etching, 
dielectric and metal deposition, diffusion and alloying. Prefer expe- 
rience with InGaAsP/InP material. 


High Speed Digital Engineers 


BSEE or MSEE and a minimum of 4 years experience in 
digital logic circuit design. Position involves digital circuit design 
on a switch matrix. Requires 40-50 mhz CMOS or TTL discrete logic 
circuit design, and SRAM, DRAM high speed memory design. 
Knowledge of switch matrices is desirable. 


Digital Circuit Design Engineers 


BSEE and a minimum of 4 years experience in high 
frequency analog and digital circuit design. Position requires ex- 
perience in discrete amplifier design (1 5mhz +), clock recovery 
circuit design, phase lock loop design (15mhz+) and line 
conditioning for line buildout circuits. Telephony background and 
knowledge of DSI-DS3 signals are required. Experience in 
functional partitioning is desirable. 


Coherent Optics Engineers 


MS or Ph.D in EE or Physics with at least 2 years experience 
or equivalent combination required. Involves conducting indepen- 
dent investigation of optical amplification and/or integrated optics. 
Will function as part of advanced technology team investigating 
feasibility of coherent optical communications utilizing multiple 
gigabit technologies. 


High Speed Modem Engineers 


MSEE/Ph.D with 4-6 years experience. Position involves 
performing hardware design of digital modems with data rates in 
the | to 180 Mb/s range. Knowledge of digital signal processing 
theory and implementation methods required. Effective 
communication skills needed. 


Opto-Electronic Device Design Engineers 


Requires a PhD/MSEE/Physics with 5-10 years of opto- 
electronic device experience. Should be familiar with longwave 
length (1.2-1.6 microns) InP based source and/or detectors design 
and characterization. Position involves design and characterization 
of devices including PIN photodetectors, GaAs avalanche 
photodiodes, semiconductor lasers and LED's. Record of scientific 
accomplishment and publication is desirable. 


Digital VLSI Engineers 


Requires BSEE/MSEE with 6-8 years experience in 
telephony digital hardware design. Experience with CMOS or ECL 
logic design, VLSI gate array design, and Daisy CAE Design 
techniques necessary. Desire experience with 40-50 mhz CMOS, 
DS3 and/or DS| signals and modulation techniques. Recognized 
ability to address systems redundancy, signal integrity and system 
monitor and control must be demonstrated. 


Software Engineers 


Positions call for a BSCS or BSEE and 5 years software 
architecture/design experience OR an MSCS or MSEE and 3 years 
software architecture/design experience. Involves software 
development for distributed microprocessor network control 
systems. Experience in circuit switched and packet switched 
network control is necessary. Team software development expe- 
rience for Motorola 68000 systems is desirable. Candidates with 
‘C’’, UNIX™ ADA and OSI data communications experience will 
be given special consideration. 


Power Supply Designers 


BSEE with minimum of 3-4 years experience in the design 
of switching power supplies and associated experience in power 
distribution. Experience in EMI criteria is required. 


Rockwell International's compensation package includes 
a saving/stock ownership plan, comprehensive medical coverage, 
dental insurance, retirement plan, tuition reimbursement and much 
more! 


We are interested in hearing from you immediately. Please 
send your resume to: Richard Skelnik, Rockwell International, 
Telecommunications, M/S 401-152, #8538, P.O. Box 10462, 
Dallas, Texas 75207. Permanent Residency Required. Equal Op- 
portunity Employer M/F. 


A Rockwell International 


..where science gets down to business 


™ UNIX is a trademark of AT&T Bell Laboratories. 
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LOOKING AHEAD 


Miniaturization move 
aids power-hybrid market 


The rush to miniaturize is causing 
hybrids to lose some ground to 
power ICs, but their use as replace- 
ments for discrete components will 
at least offset that loss, according to 
Gnostic Concepts Inc, a San Mateo, 
CA, market-research and consulting 
firm. Power hybrids provide denser 
configurations and require fewer 
discrete components than do dis- 
crete devices. They also have the 
advantage over power ICs of great- 
er power dissipation. Furthermore, 
you can produce custom circuits in 
low volumes. Gnostic Concepts esti- 
mates power-hybrid sales will grow 
from $186.3 million in 1986 to $392.5 
million in 1991—a 16.1% annual 
growth rate. 

For its study, the market-re- 
search firm defined power hybrids 
as hybrid circuits that dissipate at 
least 5W per square inch. They fur- 
ther distinguished power hybrids 
from high-voltage hybrids, which 
can have a relatively low current 
flow. 
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EDITED BY CYNTHIA B RETTIG 


Three application areas dominate 
the market for “smart” power hy- 
brids: motor controllers, program- 
mable voltage regulators, and auto- 
motive ignition systems. Because of 
their extensive use in robotics, 
motor controllers will be the pre- 
eminent application through the re- 
mainder of the decade. An increased 
interest in smart power supplies will 
boost the demand for programmable 
voltage regulators. Growing depen- 
dence on electronics in autombiles 
has contributed to power-hybrid use 
in automotive ignition systems, 
where they are employed to sense 
changes in various parameters and 
to thereby maximize engine perfor- 
mance. 

Of the eight major end markets, 
Gnostic Concepts predicts the pow- 
er-supply segment will grow the 
fastest, averaging 23.6% annually 
through 1991. The most dramatic 
change will involve the industrial- 
and consumer-electronic segments. 
Whereas the industrial-electronic 
segment claimed 21.7% of the mar- 
ket in 1986, it will have the largest 


share—26.2%—by 1991. On the 
other hand, the consumer-electron- 
ics share will drop from 35.5% in 
1986 to 22.6% by 1991. 


Delivery delays clog 
LVDT market 


Users of displacement sensors are 
complaining of long lead times and 
back orders, especially in the deliv- 
ery of LVDTs (least voltage coinci- 
dence detectors), and the inade- 
quate production capacity will 
continue to face increasing demand 
over the next few years, according 
to Venture Development Corp (Na- 
tick, MA). Valued at $328 million 
last year, the total market for lin- 
ear-proximity and displacement 
sensors should reach $691.6 million 
in 1991. Annual growth rate will 
average 16% over the period. 

Availability problems are acute in 
the military and aerospace indus- 
tries, which use large quantities of 
custom-made LVDTs. The ongoing 
conversion to fly-by-wire (tethered) 
technology, particularly in military 
aircraft, has substantially contrib- 
uted to the growth in LVDT de- 
mand. The use of that technology 
necessitates more feedback about 
position of control surfaces, engine 
components, and landing gear. The 
tendency toward redundant sys- 
tems—which increase reliability by 
using several LVDTs in single loops 
that previously would have em- 
ployed only one—has stimulated 
growth as well. 

Response to the delay crisis to 
date has been mixed. At least two 
OEMs now have in-house production 
facilities for LVDTs or, as a substi- 
tute, for precision potentiometers. 
And there’s some chance that others 
will follow, by developing their own 
facilities, or perhaps, through acqui- 
sition. Two of the major manufac- 
turers of the devices have already 
expanded their capacity in order to 
meet current and expected de- 
mands. 
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one-piece design defies rough handling tom 


Each unit undergoes high-impact shock test 
Unexcelled temperature stability, 002 dB/°C 
2W max. input power (SMA is 0.5W) 

BNC, SMA, N and TNC models 

Immediate delivery, one-year guarantee 


e 50 ohms, dB values, 
1,2, 3,4, 5, 6, 7, 8, 9, 10, 12, 15, 20, 30, and 40 


e 75 ohms dB values, 3,6, 10, 15,20 BNC only 
e Price (1-49 qty.) 


CAT (BNC) $11.95 
TAT (TNC) $12.95 


SAT (SMA) $14.95 
NAT (N) $15.95 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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tough 
attenuators 


95 


(1-49) 


> 


Atten. Tol. 
T 


Atten. Change, (Typ.) 


over Freq. Range 


DC-1000 | 1000-1500 | DC-1000 MHz |1000-1500 MHz 
es) 


DC-500 Mrz (all 40 dB models) 


DC-1500 MHz 
*DC-1000 MHz (all 75 ohm or 30 dB models) 


Model Availability 
SAT (SMA) CAT (BNC) NAT (N) TAT (TNC) 
Model no. = a series suffix and dash number of attenuation. 
Example: CAT-3 is CAT series, 3 dB attenuation. 


only $6.95 (1-24) 
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (model TTRM-50) 
SMA (model STRM-50), N (model NTRM-50) 
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Cost-effective 
high voltage 


power MOSFETs 
you can 


depend on 


1000V 


Some so-called high voltage power 
MOSFETs just can’t seem to deliver what 
they promise. But HEXFETs offer 
exceptional stability in three new optimized 
high voltage families: 800V, 900V and 1000V. 


Each voltage is paired to a specific Rds(on) 
value for the best cost-per-amp ratio. So 
you can spec just what you need without 

straining your design budget. 


Our high voltage TO-3 HEXFETs can handle 
your heavy industrial and hi-rel require- 
ments. For less demanding applications, 
you can choose TO-220 or TO-3P case styles. 


No matter how you mix and match these 
HEXFETs, they all provide faster switching 
and high blocking voltage capabilities. Plus 
guaranteed repetitive avalanche and 
dynamic dv/dt ratings — two extra safety 
margins at no extra cost. 


The complete HEXFET power MOSFET line 
is described in our new 1987 catalog. Write 
for your free copy. Or call (213) 607-8842. 


Example of 1kV HEXFET Stability: After 1000 hours of HTRB testing, 
__ TO-3 device performs bey 


| nd rated voltage with no current leakage. 


Available Packages With Corresponding Rds(on) Values 


TO-3, TO-3P and TO-220AB | TO-3 and TO-3P 


| 
a vumber sin ternational 
ost HEXFETs now in stock power MOSFETs Ty 
for immediate delivery! | ii ‘TOR Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910-348-6291, TELEX 472-0403 
EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND TELEPHONE (0883) 713215. TELEX 95219 


Power MOSFETs - CMOS Power ICs - Commercial/Custom Power Packages - Schottkys 
Rectifier Diodes - Thyristors (SCRs) - Diode Bridges - Molded Circuits - Assemblies 
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THE FIRST 


PROGRAMMER WITH A 


SINGLE SITE FOR EVERY DEVICE. 


NEW UNISITE 40 HANDLES LEADING- 
EDGE DEVICES WITH SPEED AND EASE. 
Now you can program and test the 
latest programmable devices and 
packages, fast and accurately — all in 
a single site. The first true universal 
pin drivers support any device of a 
given package type in the same site. 
The UniSite™ 40's single DIP socket 
handles any device up to 40 pins, 
including PLDs, PROMs, IFLs, 
FPLAs, EPROMs, EEPROMs, and 
microcontrollers. The same site 
accommodates the most popular 
PLCCs and SO packages. A 16-bit 
processor, coupled with custom |Cs 
and high-speed RAM, set new speed 
records for programming and testing. 


TIMELY ACCESS TO TOMORROW'S 
DEVICES. With universal pin driver 
electronics hardware, device-specific 
instructions can be loaded from one 


3%" micro-diskette. When new 
devices are introduced, you simply 
load a new master diskette, and the 
UniSite 40 is quickly updated. 


MENUS MAKE PROGRAMMING EASY. 
Use your cursor to select any func- 
tion. Menus prompt you step-by-step 
and HELP messages assist you 


Data I/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/Telex 15-2167 
FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-5728 (818) 700-0691/ Telex 910-494-2681 

Data 1/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761 / Telex 06968133 

Data I/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866/ Telex 16616 DATIO NL 
Data I/O Japan Sumitomoseimei Higashishinbashi Bldg., 8F, 2-1-7, Higashi-Shinbashi, Minato-ku, Tokyo 105, Japan 


(03) 432-6991/ Telex 2522685 DATAIO J 
©1987 Data |/O Corporation 
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throughout operation. A built-in listing 
of devices speeds part selection. The 
UniSite 40 can even save your most 
frequently used parameters for instant 
recall. 


SHORTCUTS SPEED SETUP. More fre- 
quent users can bypass menus and 
zoom directly to specific operations by 
selecting key commands. Special 
software commands, like the ones in 
our QuickCopy™ mode, are also 
available to streamline your program- 
mer operation. 


DESIGN FREEDOM FOR TOMORROW. 
Call today and get the design freedom 
only the UniSite 40 can provide. 


1-800-247-5700 
Dept. 802 


DATA I/O 


